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D.C. Volts : 2.5 mV to 10,000V. (Max. Input Resistance 110 MQ) 

D.C. Current : 0.25 uA to | amp. (250 mV. drop on all ranges) 

A.C. Volts: 0.1V. to 2,500V. R.M.S. up to 2 Mc/s. With diode 
probe external. 0.1V. to 250V. R.M.S. usable to 200 Mc's. 

A.C. Output Power: 5mW. to 5 watts in 6 different load resist- 
ances from 5 to 5,000 ohms. 

Decibels: —I0db. to + 20db. Zero level 50mW. 

Capacitance: .000! pF to 50uF. 

Resistance : 0.2 ohm to 1|OMQ 

Insulation : 0.1 MQ to 1,000 MQ. 







Fully descriptive leaflet available on application: 
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PRICE 2/- 


As up-to-date example of current 
instrument practice, developed to meet 
the demand for an instrument of labora- 
tory sensitivity built in a robust and 
portable form, for use in conjunction 
with electronic and other apparatus where 
it is imperative that the instrument should 
present a negligible loading factor upon 
the circuit under test 


The instrument consists basically of a 
balanced bridge — voltmeter It incor- 
porates many unique features and a wide 
set of ranges so that in operation i¢ is as 
simple to Use as a normal multi-range 
testmeter 


The thermionic circuit) gives delicate 
galvanometer sensitivity to a robust 
moving coil movement. The instrument 
is quickly set up for any of the tests to be 
selector 
switch automatically removing from the 
circuit any voltages and controls which 
are not required for the test in question. 


undertaken, a single range 


The Instrument operates on AC. mains 
, supply, 100-1300. and 200-2601 
d0-60 © 8 
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HIGH 
QUALITY 
REPRODUCTION 


“FIFTY and THIRTY WATT” CINEMA AMPLIFIERS 


as illustrated for single or double P.E.C. input with 
separate adjustable bias. Full range of tone controls to 
suit all needs with built-in Exciter Supply if required. 


PRICES range from 34} gns. to 423 gns. 


TYPE C.P. 20A AMPLIFIER 


For AC Mains and 12 volt working giving 15 watts output, 
has switch change-over from AC to DC and ‘‘ Stand-by ”’ 
positions. Consumes only 5} amperes from 12 volt battery. 
Fitted with mu-metal shielded microphone transformer for 
15 ohm microphone, provision for crystal or moving iron 
pick-up with tone control for bass and top. Outputs for 
7.5 and 15 ohms. Complete in steel case with valves. 


PRICE £28.0.0. 


FOUR-WAY ELECTRONIC MIXER 


This unit has 4 built-in balanced and screened microphone 
transformers, normally of 50-30 ohms impedance. It has 
5 valves and selenium rectifier supplied by its own built- 
in screened power pack, consumption 20 watts. Suitable 
for recording and dubbing, or large P.A. Installations 
since it will drive up to six of our 50 watts amplifiers 
whose base dimensions it matches. The standard model has an output impedance of 
20,000 ohms or less, and any impedance can be supplied to order. PRICE £24.0.0. 


OTHER MODELS IN OUR RANGE OF AMPLIFIERS 


*“* SUPER-FIFTY WATT ”’ PRICE 363 gns. 
“THIRTY WATT ”’ » 304 gns. 
“10-15 WATT RECORD REPRODUCER ”’_,,,_- 254. gns. 


These are fitted in well ventilated steel cases with recessed 
controls, as illustrated 


Full details upon request 
EXPORT ENQUIRIES INVITED 


VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19. 


Telephones : LIB 2814 and 6242-3 Telegrams : ‘‘ Vortexion Wimble, London ”’ 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LI! NE RATE (if under I” or 12 lines) is : Three lines or under 7/6, each additional line 2/6. 


(The line averages seven words.) 
free of charge. 
Financial Reports £14 Os. 0d. per col 


remitt 


At the INCH RATE (if over |” or 12 re the charge is 30/- per inch, single col 
y the advertisement. Replies to box numbers should be addressed 








Box number 2/- extra, except in the case of advertisements i iat Situations Wanted,’’ when it is added 


t and Company’s 





Ar 
to: Morgan Bros. (Publishers), Ltd., 28, Essex Street, Seca, London, W.C.2, and marked “ Electronic Engineering.’’ Advertisements 
must be received before the l4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


B.B.C. invites applications for the post of Senior 
Instructor (Audio Frequency) in the Engineering 
Training Department, Evesham. Candidates must 
be graduates in Electrical Engineering or Physics 
with a sound knowledge of radio fundamentals and 
a good mathematical background. Teaching and/or 
research or development experience in audio fre- 
quency work including recording or acoustics 
would be an advantage. The successful candidate 
must be able to lead and direct the work of his 
section, and may be required to compile technical 
reports and manuals, Salary is in a grade with a 
maximum salary of {£995 per annum and annual 
increments of £45. Applications, stating age, 
qualifications, details of past and present employ- 
ment, should reach the Engineering Establishment 
Officer, Broadcasting House, London, W.1, within 
seven days of the appearancejf this advertisement. 

W 2290 





SITUATIONS VACANT 


METROPOLITAN-VICKERS Electrical Co. 
Ltd., require for their Trafford Park Works, a 
number of senior draughtsmen with experience in 
Radio and Radar equipment. For qualified men, 
these jobs are permanent. Five day week under 
good conditions. Apply, in writing, stating age, 
experience, qualifications and salary required, 
marking envelopes ‘‘ Radio D.O.” to: Personnel 
Manager, Trafford Park, Manchester, 17. W 2256 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar, Electronic, Television, etc., Develop- 
ment, Service Engineers, Draughtsmen, Wiremen, 
Testers, Inspectors, etc. Urgently required, 30 
Television Service Engineers. Write in confidence: 
Technical Employment Agency, 179, Clapham 
Road, London, S.W.9. (BRIxton 3487). W 2277 


DEVELOPMENT ENGINEERS with good 
practical and theoretical knowledge of audio 
equipment including relay circuitry required by 
well-known manufacturers in Acton. Must have 
had through laboratory experience in this class of 
work previously. Write, giving full details of past 
experience, age, and salary required, to Box No. 
2272 


MURPHY RADIO LTD. are expanding their 
Electrical Design Laboratory and urgently require 
the services of Television and Radio Engineers 
having good Academic qualifications (Honours 
Degree in Physics or Electrical Engineering) and 
experience in industrial design laboratories. There 
are also openings for Graduates trained in these 
branches but without industrial experience. 
Applications, giving full particulars of training and 
experience, should be forwarded to Personnel 
Dept., Murphy Radio Ltd., Welwyn Garden City, 
Herts. 2216 


YOUNG ELECTRONICS ENGINEER, with 
good theoretical background and at least four years’ 
practical experience in the design and construction 
of electrical equipment, required by large engineer- 

rm in the Midlands for development of 
strain-gauge testing equipment in Research 
Laboratory. Reply, in writing, stating particulars 
of training and experience, together with salary 
required, to Box No. W 2222. 


MARCONI’S Wireless Telegraph Co. Ltd., 

Chelmsford, require an experienced Graduate 
Engineer or Physicist, aged 28-35, for work in the 
Research Laboratories. Applicants must be 
capable of designing and producing experimental 
apparatus. A knowledge of Physical Chemistry 
and electronic devices is essential. Write, giving 
full details, —- reference 247, to ‘Central 
Personnel Services, English «ere Co. Ltd., 24, 
Gillingham Street, Low ion, S.W.1 Ww 2215 


ENGINEER-PHYSICIST (Senior) for develop- 
ment of centimeter-wave electron tubes. Good 
prospects and conditions. Salary up to £800 per 
annum, according to qualifications and experience. 
Edinburgh Area. Box No. 466, J. G. McCallum & 
Co., 21, Castle Street, Edinburgh. W 2217 


A 


SENIOR ELECTRONIC Development Engineer 
fully experienced in light electro mechanical 
engineering required for development work on 
microwave transmission systems including the 
design of wave guide rotating joints, paraboloid 
reflectors with dipole feed and equipment for the 
measurement of antenna system polar diagrams. 
Box No. W 1082 


SENIOR ELECTRONIC Engineer fully experi- 
enced in light electro mechanical engineering 
required for development work in Industrial 
electro. mechanical equipment. A thorough 
knowledge of general electrical engineering and 
electronic techniques is required. Applicants 
should be capable of carrying through a project 
to the production prototype entirely on their own 
initiative. Box No. W 1083 


AERONAUTICAL and General Instruments 
Ltd., Purley Way, Croydon require a Graduate 
Engineer for development of electronic and 
electrical apparatus. Applications, stating age, 
experience and salary required should be sent to 
the Personnel Dept. W 1093 


WOOLWICH » POLYTECHNIC, Woolwich, 
S.E.18. The Governing Body invite applications 
for the post of Senior Assistant for Telecommunica- 
tions. The Senior Assistant will be responsible for 
teaching Telecommunications and Electronics to 
the level of the B.Sc. (Eng.), degree of the 
University of London, and he will be expected to 
carry out and supervise research work in these 
subjects. Salary in accordance with the Scales of 
Salary of Teachers in Technical Colleges and the 
Senior Assistant Scale is £700-£25-£800 per annum 
plus the following allowances where applicable : 
(a) London Allowance £36, £48 if over 37 years; 
(b) Graduate, £30 above minimum and maximum. 
First Class Honours Degree, £15 above minimum 
and £30 above maximum; (c) Training, £15 for 
each year, up to three, for full-time training 
beyond two years above minimum and maximum. 
Full particulars of the post and application forms 
may be obtained from the Clerk to the Governors 
to whom they should be returned within three 
weeks from the date of this advertisement W 2317 


APPLICATIONS are invited from Senior 
Physicists and engineers for work in the field of 
electronics. Candidates must be capable of leading 
research groups and must have _ considerable 
electronic engineering experience. The Personnel 
Officer, Research Laboratories of the General 
Electric Co., Ltd., N. Wembley, Middx., will be 
pleased to receive applications, giving details of 
age, experience and qualifications. W 2315 


MINISTRY OF SUPPLY has vacancies for both 
Mechanical and Electrical Draughtsmen in London 
and the Home Counties. Candidates are normally 
required to have served an engineering apprentice- 
ship, or have had equivalent workshop experience 
and to possess the Higher National Certificate 
(O.N.C. if under 23) or equivalent technical 
qualification. Salary £300 to £525 if in the London 
area (slightly less outside London) according to 
age, qualifications and experience, with oppor- 
tunities of promotion to higher grades. Application 
forms obtainable from Ministry of Supply, Est. 3 
(C) 1, Room 828, Adelphi, London, W.C.z2, quoting 
V.R.471 W 2314 


A VACANCY exists for a Technical Representative 
in Sales Department, handling magnetic tape re- 
cording. Applicants should have a_ working 
knowledge of audio equipment and preferably 
should be conversant with modern recording 
practice. Apply, giving age, details of education 
and experience together with salary required to 
Personnel Dept., E.M.I. Factories Ltd., Blyth 
Road, Hayes, Middx. W 2313. 


REPRESENTATIVE capable of advising on the 
application of electronics to industry, required for 
Midlands area, operating from Birmingham office. 
Previous sales experience not essential. State 
age, experience and salary required to Box No. 
W 1084. 


ADDITIONAL Lecturers are required immedi- 
ately by E.M.I. Institutes, College of Electronics ; 
Applicants should possess a good physics or elec- 
trical engineering degree and also experience in 
radio, television, etc.; commencing salary, 
according to age, qualifications, and experience, 
not less than appropriate Burnham Scale; super- 
annuation benefits in addition. Apply, giving 
fullest possible particulars, to Professor H. F. 
Trewman, M.A. (Cantab.), M.I.E.E., M.I.Mech.E., 
M.Brit.I.R.E., E.M.I. Institutes, 10, Pembridge 
Square, W.2. Tel.: Bayswater 5131. W 2306 


QUALIFIED Silk Screen Operator able to cut 
Screens and operate photographic silk Screens 
wanted for factory in Auckland, N.Z. Salary 
£425 to £550 according to qualification. Applicants 
should be between 20 and 35 and single to be 
eligible under N.Z. emigration scheme. Apply 
with photograph and references to Box No. W 1080. 


DESIGNER Draughtsman required in department 
engaged on the design of electronic test gear by 
large light electrical engineering manufacturer in 
East London area. The position is permanent and 
pensionable to applicant with experience of similar 
work. Kindly state full details to Box No. W 2310. 


FIRST CLASS Executive, qualified to take 
charge, as Chief Engineer of the development and 
design department of a large organisation engaged 
on light electrical and radio engineering. Appli- 
cants must have a wide experience of design, both 
electrical and mechanical for flow production of 
small electrical assemblies.. This position carries 
a four figure salary with good prospects to a man 
with drive and administrative ability. Write, 
stating full details of qualifications and experience 
to A. E. Underwood, The Plessey Co. Ltd., Ilford, 
Essex. W 2311. 


TECHNICAL ASSISTANT age 20-30 :equired 
by ‘“ The Wireless Trader ’’ Laboratory to assist 
with and eventually take over preparation of 
radio servicing information. Must be conversant 
with commercial radio and television practice, 
able to convert circuit diagrams to conform to a 
standard style and explain technical matters 
clearly in writing. Sound technical knowledge 
essential. Applications in writing only, stating 
age and salary required should be addressed to the 
Technical Editor, ‘‘ The Wireless Trader” Dorset 
House, Stamford Street, London, S.E.1. W 2309 


LABORATORY ASSISTANT required for the 
Association’s electronics section, to assist with 
research on noise and building necessary equip- 
ment. Must be able to work direct from circuit, 
diagrams. Written applications, giving age 
experience and salary required, to Motor Industr 

Research Association, Great West Road, Brentford, 

Middlesex WwW 2308 


ELECTRICAL DESIGNER required for the 
F.H.P. Motor Laboratory of a large light electrical 
engineering company in the West London area. 
Applicants should have a sound technical and 
practical training, with initiative to accept full 
responsibility of a project from the initial design 
stage to factory production. Excellent prospects 
if qualifications and experience are suitable. 
Apply, giving details of age, education and job 
history to Box No. W 2307 


TECHNICAL ASSISTANT.—Mechanical, re- 
quired in radio communications development 
section of large company in East London area. 
Experience should cover drawing office and work- 
shop practice in development of small electro- 
mechanical mechanisms. Please state full details 
with age and salary required to Box No. W 2295. 


INSTRUMENT TESTER required for assembly 
and testing of precision potentiometers, bridges 
and associated equipment. Some previous 
experience essential. Apply, paing 8 age, qoete 
ence and salary required to Messrs. W. G. Pye & 
Co., Ltd., Granta Works, Newmarket Road, 
Cambridge. W 2296 








CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





WANTED for employment in various parts of the 
United Kingdom and N. Ireland, personnel 
experienced in maintenance and repair of Radar, 
and Electrical Fire Control Equipment. Salary 
scale {400 per annum rising to £525. Applicants 
should furnish full details of age, practical experi- 
ence, technical qualifications held and in which 
part of the U.K. they would like to be employed. 
Replies should be addressed to: D.D.M.E., 
-Q.A.A. Command, Stanmore, Middlesex 
W 2291 


DESIGN AND DETAIL Draughtsmen (prefer- 
ably with workshop training and qualifications to 
H.N.C. standard) with experience of small mechan- 
isms and electro-mechanical layout; or the 
mechanical design of electronic apparatus, are 
required for development work on new and in- 
teresting projects by leading manufacturers in the 
Midland area. Apply, in confidence, stating age 
and full details of training and experience, to, 
Box No. W 2292 


ELECTRONIC ENGINEER required in the 
Electro-Medical division of large manufacturing 
organisation in London. The technical qualifica- 
tions required must be equal to final City and 
Guilds (Radio Communication) and applicants 
should have previous technical/commercial experi- 
ence preferably in this field. Successful candidate 
aged 25-35 will be required to travel, and own car 
will be an advantage. Full details of qualifications, 
experience, age and salary required to Box No. 
W 2293. 


A LEADING firm of mobile radio equipment 
producers requires Sales Engineers for technical 
sales liaison, primarily with the automobile 
industry. Applicants between 25 and 35 and 
possessing sound radio engineering training, should 
apply, in writing, giving age, qualifications, details 
of experience and salary required to Box No. 
2294. 


PHYSICISTS and Electrical Engineers preferably 
with experience in dielectric research or capacitor 
manufacture, required by leading London firm of 
Component manufacturers. Write, giving full 
details and salary required to Box No. W 2289 


SERVICE DEPARTMENT of large Radio 
manufacturers in North London has vacancies for : 
(a) Radio Engineers ; (b) Receiving Clerk ; 
(c) Office Junior (male or female) and Workshop 
Junior. Applicants for (a) must have at least 
Secondary School education and hold Matriculation 
or School Certificate, and have adequate training in 
Radio theory and practice. For (b) qualifications 
should include education to School Certificate 
standard and some practical knowledge of Radio. 
The vacancies under (c) offer opportunities for 
boy or girl with good education, capable of accurate 
and conscientious work, and anxious to learn and 
progress. Some interest in radio would be an 
advantage. Applicants, in own handwriting, 
must include full particulars of education, qualifica- 
tions, technical and commercial experience, age, 
and salary required. Box 407, c/o Era Publicity, 
7, Fitzroy Square, London, W.1. W 2297 


MINISTRY OF SUPPLY invites applications 
for post in grade Principal Scientific Officer at 
outstation of Royal Aircraft Establishment in 
Southern England. Duties involve administration 
of and technical responsibility for a range dealing 
with measurement of parometers occurring in 
flight of guided and unguided rockets. Candidates 
must have good Honours Degree or equivalent 
qualification in Physics, Maths, or Electrical 
Engineering. Experience of optical and electronic 
instrumentation required, with good Mathematical 
standard. Salary according to age (min. age 31), 
qualifications and experience within P.S.O. range 
{910-£1,177 men; £790, -£1,016 women. Post is 
unestablished but carries F.S.S.U. _ benefits. 
Application forms obtainable from Ministry of 
Labour and National Service, Technical and 
Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting A 86/50. Closing date, 
24th May, 1950. W 2300. 


TECHNICAL ASSISTANTS, 20/30 years, for 
development of marine electronic and electrical 
apparatus. Work involves: (a) Initial experi- 
ments; (b) Prototype construction and testing at 
sea; (ec) Elimination of production troubles. 
Qualifications ; three years’ workshop experience, 
Higher National Certificate or City and Guilds 
Radio Communications Grade 3. Work situated 
N.E. London. Write, stating age, experience, and 
salary required , to Box No. W 2321. 


Electronic Engineering 


APPLICATIONS are invited for appointments as 
General Assistant Engineer in the Communications 
Section of the Technical Department. Duties will 
be in connexion with testing and maintenance of 
Private Communications System, owned and 
maintained by the Authority, including equipments 
using Line, Teleprinter and Radio Techniques. 
Applicants should have a Degree or Higher 
National Certificate in Engineering or equivalent, 
and should preferably have had works experience. 
Scientific qualifications will be considered. The 
commencing salary will depend on qualifications 
and experience but will be within the range of 
£437 per annum to £569 per annum plus 5 per cent 
or £25 per annum, whichever is the greater as 
London Allowance, in accordance with National 
Joint Board. Schedule Class AX, Grade 8. The 
appointment will be superannuable, under the 
terms of the British Electricity Authority’s 
Superannuation Scheme. Applications, giving full 
particulars of education, training and experience 
should be forwarded to the Acting Divisional 
Secretary, British Electricity Authority, London 
Division, Ergon House, Horseferry Road, West- 
minster, London, S.W.1., so as to be received 
within 14 days of date of ‘public ation of this issue. 

W 2298 


BELLING AND LEE Ltd., Cambridge cog ae 
Road, Enfield, Middx., require the services of < 

keen and inventive research assistant of British 
nationality for work in connexion with television 
aerials and radio components. Applicants should 
be 25 to 35 years of age, and possess qualifications 
at least to Grad. I.E.E., together with previous 
research experience: five day week. W 2299. 


ENGINEER required, experienced in Radio 
Frequency Heater application. Some knowledge of 
radio and/or mechanical engineering an advantage. 
Write, giving full details of age, experience, 
qualifications and salary required to Personnel 
Dept., F/M., E.M.I. Factories Ltd., Blyth Road, 
Hayes, Middx. W 2302 


DEVELOPMENT ENGINEERS required by 
firm in N.W. London manufacturing an extensive 
range of industrial instruments and _ controls. 

Candidates should have a good theoretical back- 
ground, preferably with a Degree or equivalent in 
physics or electrical engineering and in addition 
should have experience of (a) Instruments or 
light mechanisms. (b) Electronics applied to 
industrial problems. The starting salary will be 
according to the experience of applicant, but not 
less than £400 p.a. Write Box No. W 1078 


DESIGNER DRAUGHTSMEN required for the 
Engineering Laboratory of a large light engineering 
firm in the West London area for development 
work. Should have a knowledge and experience of 
tool design. Apply, giving details of age and 
experience to Box No. W 2303. 


JUNIOR DESIGNER Draughtsman required for 
the Engineering Laboratory of a large light engin- 
eering firm in the West London area. Should be 
between 20 and 25 years of age, experienced in 
domestic appliance design and preferably with 
mechanical training. Apply, giving details of 
age and experience, to Box No. W 2304 


REGULAR COMMISSIONS in the Corps of 
Royal Electrical and Mechanical Engineers. 
Applications are invited from qualified electrical 
and mechanical engineers between the ages of 21 
and 27 years for regular commissions in the Royal 
Electrical and Mechanical Engineers. They must 
hold one of the following technical qualifications : 

(a) Have an Engineering Degree from a British 
University, coupled with one and a half years’ 
practical workshop experience as an engineering 
apprentice. (b) Have passed or been exempted 
from Sections A and B of the Association Member- 
ship Examination of the Institution of Mechanical 
or Electrical Engineers, coupled with two and a half 
years’ practical workshop experience as an engineer- 
ing apprentice. Application forms, together with 
details of pay, allowances, and pension can be 
obtained from the War Office (MS.2(c)), London, 
S.W.1. W 2305 


ENGINEER REQUIRED immediately in the 
North West area for development of electro- 
hydraulic servo mechanisms. Qualifications should 
include Honours Degree in Electrical or Mechanical 
Engineering or Physics. Knowledge of the theory 
and practice of servo mechanisms desirable. 
A vacancy also exists for an engineer to specialise in 
hydraulic relay mechanisms. Salary according to 


age, experience and qualifications. Apply, in 
writing, giving full particulars and marking 
envelopes ‘‘ Engineer,” to Box No. W 2322 


May, 1950 


MECHANIC required for the construction and 
servicing of industrial electronic apparatus, main- 
tenance of mechanical transducers, etc. West 
London area. Forward details of education, 
experience and salary required, to Box A.C.894, 
Central News, Ltd., 17, Moorgate, London, E.C.1 


W 2312 
SENIOR RESEARCH Engineer required by 
Manufacturers, South East London area, for 
development work on domestic radio. Excellent 


position offered to keen man with several years’ 
experience. Also Senior Engineer required for the 
development of television components. Previous 
experience essential. Write, in confidence, givin, 
full particulars of experience, qualifications an 
age, to Box No. W 2323. 


SENIOR DRAUGHTSMAN required for tools, 
special purpose machinery and equipment. 
Experience on radio valve or lamp making machin- 
ery preferred but not essential. Salary according 
to experience. Applications, stating full experience 
and age, to Personnel Supt., The Edison Swan 
Electric Co., Ltd., Cosmos Works, Brimsdown, 
Enfield, Middx. W 2319 
PHYSICIST required with special interest in 
electronic circuits for modern exceptionally well- 
equipped research department of London food 
factory. Five-day week. Three weeks’ annual 
leave. Pension Scheme. Salary according to 
academic status and special acquaintance with 
electronics. Box No. W 1099. 

MODERN TELEPHONES (Gt. Britain) Ltd., 
Telesound House, 101, Tottenham Court Road, 
London, W.1, require services of electronic engineer 
with ample experience in development and pro- 
duction of small amplifiers and with good know- 


ledge of internal telecommunications. Good 
prospects. Write only in first instance, stating 
experience, salary, etc. W r10r 





SITUATIONS WANTED 


PRACTICAL ENGINEER layout and construc- 
tion all types valve operated equipment from 
theoretical diagram, without supervision. Working 
drawings. Final diagrams. Desires post, London 
area. Box No. W 1076 


ENGINEER, 13 years’ experience and education 
Radio and Electrical Engineering, including 
mobile and aircraft radio, development and 
laboratory work, desires active position with some 
outdoor work; willing to travel, West London 
to South Coast preferred. Salary about £600 per 
annum. Box No. W 1079 


ENCEPHALOGRAPHIC Technician/Recordist 





(Male), B.N.I. trained, good hospital experience, 
urgently desires appointment. Write Box No. 
W 1098 

EDUCATIONAL 


CITY AND GUILDS, Electrical, etc., on ‘‘ No 
Pass—No Fee ’’ terms. Over 95 per cent successes. 
For full details of modern courses in all branches of 


Electrical Technology, send for our 112-page 
handbook—free and post free. B.I.E.T. (Dept. 


337C), 17, Stratford Place, London, W.1. 


W 100 





FOR SALE 
RELAYS. Elliot Type H, D.C. moving coil, 
resistance 1,000 ohms, plus/minus 100° ohms, 


Operating current 238/378 micro-amps, S.P.C.O. 
Contacts. Price 35s. each. Clare. 45 ohm. coil, 
S.P. normally closed contacts, miniature type, 
rice 2s. 6d. Advance. 16-32 volts operating. 
.P.C.O. contacts, miniature type, price 3s. 6d. 
Struthers-Dunn. 175 ohm. coil S.P. normally open, 
heavy current contacts, price 5s. 6d. P.O. t 
10,000 ohm. coil, 2 sets D.P.C.O. contacts, price 6s. 
Various types of relays in stock. Record Electric 
Tachometers 0-5,000 r.p.m., 3 phase generator 
and indicator complete £4 each. Infra-Red Sniper- 
scopes, CV143 complete unit with lenses ready for 
operation. Price £2 ros. All the above items are 
brand new, boxed and guaranteed. Add 1s. 6d. for 
carriage and packing. Wilfo Products, 218-222, 
Gorbals Street, Glasgow, C.5. Telephone: South 
2385 W 2268 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 

















, 1950 


ion and 
Ss, main- 
. West 
ay 
-C.894, 
E.C.1. 
W 2312 


ired by 
rea, for 
-xcellent 
il years’ 
1 for the 
Previous 
*, givin; 

ons ani 


or tools, 
ipment. 
machin- 
ccording 
perience 
n Swan 
asdown, 
W 2319 
‘rest in 
ly well- 
m food 
annual 
ling to 
e with 


.) Ltd., 
Road, 
ngineer 
id pro- 
know- 
Good 
stating 
W r10r 


nstruc- 
t from 
/orking 
-ondon 


ucation 
cluding 
t and 
h some 
-ondon 
00 per 


cordist 
rience, 
x No, 


1 “ No 
cesses. 
ches of 
2-page 
(Dept. 


W 100 








May, 1950 





x ud 
Positively ‘ bang-on’, this use of Tufnol to form the 
handle and guard of an electrode holder — although 
high electrical insulating properties are by no 
means the only shots in the locker of this very 
versatile material. Its uses are legion arising out of 

Berea its sympathetic working with 
metals in the form of bearings, 
pulleys, and gears — its resist- 
ance to moisture and corrosion 
—its low specific gravity 
combined with good struct- 
ural strength. For the 
most part, Tufnol is 
simply bought in the 
standard forms of 
sheets, tubes, rods, bars, 
angles, channels, and 
other sections, to be 











Tufnol chain and jockey 
pulley for use in a de-scaling 
plant where they work in a 
boiling acidulated solution. 
The chain withstands a pull 
of 480 lbs. 


TUFNOL LTD . 


full information on Tufnol. Furthermore, 





PERRY BARR - 
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FOR BRIGHT SPARKS 


machined as one would metal or hardwood. But it 
can also be supplied in specially moulded shapes or 
as finished machined components. Even those who 
have used Tufnol from the beginning, 
still find its possibilities endless. 


CAN TUFNOL HELP YOU? 
Informative handbooks are available giving 


our enthusiastic Technical Staff welcome 
any new problems involving the possible 
use of this versatile material. An indica- 
tion of your requirements in a letter, will 
bring a prompt and helpful reply. 


TUFNOL 


REGISTERED TRADE MARK 








An ELLISON Product 


BIRMINGHAM e¢ 228 
245 








CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





AUTOMATIC Voltage Regulators for AC mains. 
Ferranti 7.5 KVA; moving coil; frequency com- 
pensated ; undistorted output waveform. Tapped 
to suit any nominal supply between 200 and 250 V, 
1 ph, 45 to 66 cps. Input voltage may vary from 
88 per cent to 108 per cent of nominal. Output: 
100 per cent + $ percent. Complete with voltmeter, 
spares, handbook. Brand new, in original oiled 
paper wrappers and export packing cases. Gov't 
surplus. Offered at a fraction of normal cost. 
Overseas enquiries invited. P. B. Crawshay, 166, 


Pixmore Way, Letchworth, Herts. W 1068 
AMERICAN MAGAZINES. One year post 
free. ‘‘ Radio Electronics,” 32s. 3d.; ‘‘ Audio 


Engineering,” 28s. 9d.; ‘‘ Radio and Television 
News,” 36s. ; “‘ Popular Science,” 28s. 6d. S.A.E. 
for full list from Willen Ltd. (Dept. 9), rox, Fleet 
Street, London, E.C.4. 2214 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 


Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 
MAGSLIPS, various types, for sale. Box No. 


W 2318 


OSCILLOSCOPE and Wobbulator complete, 
£20; T.B. c/s. 10 to 350,000 c/s., X and Y plate 
amplifiers, easy to handle, has outstanding per- 
formance, fully guaranteed. Immediate delivery 


with set of leads and booklet. ‘ Oscilloscope 
Technique.” Further details from the manu 
facturers. Erskine Laboratories, Ltd., Scalby, 
Scarborough. W 1092 


CHARGERS (or power units), output 13 ampse 
15 volts D.C., input 200/250 V.A.C. 50 cyc., 
consist of heavy duty bridge iron sel. rect., and 
tapped transformer in excellent louvred steel case 
with ample room for building in individual control 


circuits ; bargain price, £5, carriage extra. Satis- 
faction or money back. The Amateurs Den, 181, 
Lake Road, Portsmouth. W 1088 
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WEBB'’S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post gd. W 102 


CR100 (B28) Receivers (Marconi equiv., AR88), 
overhauled, cabinets sprayed, A.C. mains, few 
only, £22. Eddystone 10-waveband communica- 
tion sets, superb jobs, 10-4,000 m., £16, Carriage 
extra. Satisfaction or money back. The Amateurs 
Den, 181, Lake Road, Portsmouth. W 1089 


TF144G Marconi standard sig. gen. attachments, 
instr. book, ex. cond., £59. TF390G, £30. TF517F, 
£25. Evershed bridge meggers, latest type, leather 
cases, £18. Wee meggers, £6. carriage extra. The 
Amateurs Den, 181, Lake Road, Portsmouth. 

W 1090 


The trade is invited to contact us 
for P.M. focus rings, televisor R.F. and deflector 
coils, Low C line transformers, and new iron 
cored inductances of high upper frequency limit 
and remarkably low ECH loss. Value for money 
assured, quality precludes low prices. Bel Sound 
Products Co., 10, Marlborough Yard, Marlborough 
Road, Upper Holloway, London, N.19. W 110 


CLEARANCE of brand new electrolytic con- 
densers, made by all the best-known manufacturers, 
all at 6d. each; 2mfd. 500V, 8mfd. 175V, 2omfd. 


TELEVISION. 


50V, s5omfd. 20V, o.ormfd. 1,0o00V Sprague, 
o.oo2mfd, and o.1mfd. 1,000V, 3d. each ; _16-16mfd. 
500V, 3s.; 16-8mfd., 2s. od.; 8-8mfd. 500V, 
2s.\8d.; 16mfd. 500V, 2s. 6d.; 0.o1mfd. 5,000V, 
1s. 6d.; 25mfd. 25V, 1s. 2d.; 8mfd. 500 V, 
1s. 7d.; 8mfd. 450V (wire ends), 1s. 9d.; just 


another amazing offer from Radio Supplies (Est. 
23 years) (Distributors of Raymond Radio), 20, 
Ramsgreave Drive, Blackburn. W 1081 


MAGNETIC TAPE. Emitape, 25s. per spool, 
1,200 ft. Disc recording machines and blank 
discs, ribbon and M/C. microphones, amplifiers, 
tape desks, etc. Full trade terms available. 
Delivery from stock. Sound Discs (Supplies) Ltd., 
178, Bispham Road, Southport, Lancs. Telephone 
8153. W 1096 
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NEW SILVER Mica Condensers, 30, 47, 50, 58, 60, 
70, 100, 120, 140, 150, 470, 500, 1900, 3000, 4000, 


4700, 5000, p.f., 2s. 6d. doz., 22s. 6d. gross. Includ- 
ing postage any values. Mail orders only, I. A. 
Duck, 97, Belgrave Road, Ilford, Essex. W 1085 


OSCILLOGRAPH, Cossor 1035, brand new, six 





months’ guarantee left; £55. Jones, 36, Willow 
Way, Radlett, Herts. W 1095 
SERVICE 


GLASSBLOWING, repetition and scientific, by 
Hall Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N.22. Phone BOWes 
Park 7221-2. W 109 
REWINDS and Conversions to mains and outputs, 
trans., pick-ups, fields, clock coils, etc., from 
4/6 P.P. equipment a speciality ; all work guaran- 
teed. N. L. Rewinds, 4, Brecknock Road, N. 7. 
W 1091 
F. W. ELECTRONICS can undertake design and 


production of electronic equipment. Limited 
capacity now available. F. W. Electronics, 16, 
The Avenue, New Southgate, N.11. Telephone : 
Enterprise 4079. W 1087 





WANTED 


WE WILL BUY at your price used radios, 
amplifiers, converters, test meters, motors, pick- 
ups, speakers, etc., radio and electrical accessories. 
Write, phone or call, University Radio Ltd., 22, 
Lisle Street, London, W.C.2. GERrard 4447. 

W 103 





PATENTS 


INVENTORS if you wish to protect your inven- 
tion you should take steps to protect it by a U.S. 
patent. Whether an invention is patentable can 
be substantially determined by a search of the 
U.S. Patent records. Without obligation, write 
for information explaining the steps you should 
take to secure a patent. George B. Oujevolk, 509, 
Fifth Avenue, New York 17, N.Y. W 2263 





The TRUE TEST ofan — 


instrument t 


pelinglel™ 


The “SELECTEST ”’ is built for the main job in 
radio servicing — that of measuring VOLTS, 
AMPERES and OHMS — and nothing else. 
The result is that it does this 
job accurately and reliably — and will continue to 
do it. There is no better instrument for the job. You 
can rely on a ““SELECTEST’’ — it’s a G.E.C. 


was the intention. 


Measuring Instrument. 


Cat. No. M4III. 


VOLTS AMPS 
A.C. 7.5, 15, 75, 150, A.C.75, 150, 750mA. 
300, 600, 750, 1,500. 1.5, 7.5, ISA. 
1. 3s doe | (OE. 1S, 3, 15, 30, 
150, 300, 600, 750, 150, 300mA. 1.5, 3, 
1,500 V. 15, 30 A. 


Please send for leaflet No.X334 


Price £16.5.0 





That 


OHMS 
1,000 
10,090 
100,000 
1 Megohm. 
F.S.D. | mA 





SELECTEST 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, 


KINGSWAY. LONDON, W.C.2 






MULTI- RANGE 
MEASURING 


AO CA SR TERROR MEE 
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10, 58, 60, 
100, 4000, 
. Includ- 






For 


re VALVES a" 
PURPOSES 





itific, by 
ce Road, 
BOWes 
W 109 








outputs, 


Z0A3 


i ° Miniature tetrode 














W 1091 
sign and 
Limited 
nics, 16, ’ 
ephone : 
Wes thyratron 
radios, 
Ss, pick- 
essories. 
.td., 22, 
47, 
103 
_ The 20A3 is a miniature indirectly heated tetrode thyratron designed for use in 
relay application. It has a high control ratio, low grid/anode capacitance 
; — and passes a very low grid current. Used in conjunction with a high resistance 
ble can circuit the 20A3 can be operated directly from a high-vacuum photo-cell. 
of the 
— RATING 
Ik, 509, Heater Voltage 6.3 volts 
lbs Heater Current 0.6 amps. 
Arc Voltage Drop 8 volts 
Max. Forward Anode Voltage 650 volts 
Maximum Peak Inverse Anode Voltage 1300 volts 
Max. Shield Grid Voltage —100 volts 
: Max. Control Grid Voltage —100 volts 
, Max, Peak Cathode Current 500mA 
Max, Average Cathode Current 100 mA 
Control Grid Circuit Resistance 0.01—10.0 M2 
Control Ratio G1 250* 


9 33) G2 1000} 
BASE B7G MINIATURE 


LIST PRICE £1. 10s. 0d. (provisional) 


NOTE:—AIll maximum ratings are absolute values not design centres. 
Heater to cathode voltage must never exceed 25 volts peak. The heater 
must be switched on for a minimum of 10 seconds before the anode voltage 


is applied. 


*Vg2=0; Rgl=0 
tVgl=0; Rgl=0; Re2=0 


EIDISWAWN 


MAZDA 
RADIO VALVES AND CATHODE RAY TUBES 





TEP et SER TE 














THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, by 
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EW high efficiency 


ELH. T, 
rectifier 


for 


Television 
Tubes 


sr 








Actual size illustration UJ 3/7 
RATINGS 
Filament Voltage ........ss.s.. 1.4 volts MINIATURE BULB 
Filament Current ........00000+ 0.14amp 
Peak Inverse Voltage .....15 max. KV* 
Dosh dein Convene nc 19 ane A The Osram Type U37, because of its low filament 
Surge Anode Current ..... 40 max. mA rating and capacitance, greatly improves circuit 
Anode to filament capacitance. 0.65pF efficiency. This miniature directly-heated half-wave 
on iiiieae ile ‘ " rectifier has been primarily designed to provide EHT 
or circuits where anode an 
aes Gian whe ob anata for cathode ray tubes from an R.F. source or by 
mately the same rate, e.g., as in fly- rectification of the flyback voltage. It 1S also suitable 
back and JF. oscillator circuits. for use in peak reading voltmeter circuits where its 
ere used On power input circuits ‘ ‘ ‘ Hy 
Guth tl AJC. enede welee soptied low capacitance allows satisfactory operation at high 
on switching, the maximum P.I.V. frequencies and its 1.4 volt filament may be operated 
is 1OKV. from a single unit cell. It is a soldered-in type 
valve, 48 mm. overall excluding connections. 








THE POWER \ 


IN THE PACKAGE \ 





VALVES 





THE GENERAL ELECTRIC co. LTD., MAGNET HOUSE, KINGSWAY, w.c.2 
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RESISTANCES 


Yectrical methods are so commonplace in industry and 
research that it is difficult to think of any branch 


where they are not employed. May be yours is an exception, 





but, unless it is, you must need electrical resistances. 

We cannot tell you when we made our first resistance 
except that it was certainly “not within living memory”; 
the nineteenth century instrument maker was not given to 
record keeping. Not that it matters, though. What is 


really important is that the resistances we make now are 





the finest that experience and imaginative design can 
produce, that they cover the whole field of light current 


work and that many types are available — 


FROM STOCK 





MUIRHEAD & CO. LTD 





2la 














PRECISION. ELECTRICAL INSTRUMENT. MAKERS 
BECKENHAM « RENT +« ENGLAND 
Telephone: BECkenham 004! Telegrams & Cables: MUIRHEADS ELMERS-END 

Vr AW ~* 
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PHOTO-ELECTRIC RELAY 


for “ON” or “OFF” 
control of 
ELECTRIC POWER 




























The standard relay is extremely 
sensitive and responds to the in- 
cidence or interruption of a beam 
of light, the intensity of which may 
be as low as I|-Foot candle and the 
duration as short’ as one-tenth of 


a second. 


Applications to industrial processes 
include :— 

Control of temperature, liquid level, 
lighting, register, dimensions, weighing, 


counting, etc. ; also alarm devices. 


Delivery from stock 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON HOUSTON COMPANY LIMITED: RUGBY: ENGLAND 
A3854 





1950 | May, 1950 Eiectronic Engineering 





BH iy Vi, 


The wide range of blowers for force-cooling of 
» valves and maintenance of desired temperature 
levels in electronic and general electrical appar- 
atus is typical of the progress maintained by 
FO} = The illustration shows the smallest of 
the blowers (4” Axial Flow type and 23” Centri- 
fugal type), but our range covers duties from 
5 c.f.m. up to many thousands of c.f.m. at pres- 
sures up to 45 or more inches w.g. These blowers 
are used in MARINE & AERODROME RADAR 
INSTALLATIONS, AIRCRAFT AUTOMATIC 
PILOTS, COMMUNICATION AND BROAD- 





CASTING STATIONS, R.F. HEATING Pie ni 
EQUIPMENT, Etc. Let us know your Stone 


application—we shall be pleased to put 
forward our proposals. 


AIR CONTROL INSTALLATIONS LTD. 


Manchester RUISLIP, MIDDX. Glasgow 


Telephone: Ruislip 4066 (8 lines) Telegrams : Controlair, Ruislip 
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A particularly useful Instrument 


for 
TELEVISION WORK... 





A Signal Generator of 
wide range and accuracy of 
performance, designed for use 
in the laboratory or by the 
service engineer. Turret coil 
switching provides six fre- 


band ing 50 Ke/s Po. : 
—- s covering aa DE RANGE Y 
og y ? 
50 Ke/s-150 Ke/s 1.5 Mc/s-5.5 Mcis Coat CY 14 
150 Kce's-500 Kc/s 5.5 Mc/s—-20 Mc's (; E \ [: R A T rT) R 


500 Kc/s-1.5 Mc/s 20 Mc/s-80 Mc/s 


Note these Attractive Features : 


Stray field less than 1nV per metre at a distance of 1 metre 
from instrument. General level of harmonic content 
of order of 1 per cent. 


Direct calibration upon fundamental frequencies through- 
out range, accuracy being better than 1 per cent. of scale 
reading. 


45 inches of directly calibrated frequency scales with 
unique illuminated band selection giving particularly good 
discrimination when tuning television “staggered” 
circuits. 


Of pleasing external appearance with robust internal 
mechanical construction using cast aluminium screening, 
careful attention having been devoted to layout of com- 
ponents with subsidiary screening to reduce the minimum 
signal to negligible level even at 80 Mc/s. 


Four continuously attenuated ranges using well designed 
double attenuator system. 


Force output 0.5 volts. 





Internal modulation at 400 c/s., modulation depth 30 
per cent., with variable L.F. signal available for external 
use. 


Mains input 100-130V. and 200-260V., 50-60 c/s. A.C. Mains Model 


£25 


Battery Model available having same_ general 
specification and covering 60 Kc/s—70 Mc/s., 
powered by easily obtainable batteries. 
Battery Model 


Fully descriptive pamphlet available on application. £24 


Sole Proprietors and Manufacturers : 


She AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LTD. 


WINDER HOUSE* DOUGLAS STREET + LONDON®S.W.1 Je/ephone: V/CTORIA 3404/9 
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Below are just a few of the many outstanding features which have made the LED Recording 
Machine the considered choice of the discriminating professional and sound recordist. 


(1) WIDELY SPACED PILLAR SUPPORTS for cutter- 
head arm eliminate side play. 

(2) VIBRATION-FREE DRIVING MECHANISM reduces 
background noise to the minimum. 

(3) CAST LIGHT ALLOY TURN-TABLE WITH GUN- 
METAL RIM assures maximum moment of inertia for 
minimum actual weight. 

(4) FINE ADJUSTMENT OF CUTTER ANGLE compen- 
sates for smaller length variations of cutters. 

(5) ROBUST LIGHT ALLOY MOUNTING PLATE with 
generous turntable bearing ensures stability. 


(6) PRECISION GROUND STAINLESS STEEL 
LEADSCREW provides really accurate tracking. 

(7) RIGID CAST LIGHT ALLOY CUTTERHEAD ARM 
supported at both ends to ensure consistent stability. 

(8) PATENTED oo ge MAGNETIC CUTTERHEAD 
with built- ing exceptionally stable 
characteristics. 

(9) AUTOMATIC FRICTION BRAKE ensures accurate 
turntable speed when reproducing. 

(10) SINGLE LEVER CONTROL t tically engag 
tracking mechanism as cutter is lowered. 








Full details and technical data on request. 





M:S°:S-RECORDING COMPANY LTD 


AO @ 4 am 1 © OW-Y tn OO) @) 8-300 10) | 


BUCKINGHAMSHIRE 


TELEPHONE 





- COLNBROOK 87EII5 


ll 











B.I.F. OLYMPIA 
WE ARE EXHIBITING 
IN THE SCIENTIFIC IN- 
STRUMENTS SECTION 


STAND C 69 


FLASH TUBES 


INDUSTRIAL POWER VALVES . THYRATRONS . 


REFERENCE LEVEL TUBES . 
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25 watts. 


DISC-SEAL TRIODES 
for Ultra High Frequencies 


For U.H.F. links, local oscillators, and wide band applica- 
tions such as multi-channel communication systems and 
radar altimeters, frequencies up to 1500 Mc/s or even 3000 
Mc/s are often required. The Mullard Disc-Seal Triodes 


have been designed specifically for such purposes. 


May, 1950 


In the ME1001, adequate cooling and low inductance are 
combined in the design of the anode and grid discs to give 
an anode dissipation of 10 watts and an upper frequency 
limit (as an oscillator) of 3750-3500 Mc/s (8-8.5 cm). 

The ME1003 is basically similar in design to the ME1001, 
but the larger electrodes permit an anode dissipation of 
However, the larger clearances necessary to 


obtain this value, limit the upper frequency to 2500 Mc/s. 





PRINCIPAL CHARACTERISTICS 



































ME 1001 ME 1003 
Heater Voltage (V) 6.3 6.3 
Heater Current (A) 0.4 aa” Re 
Max. Anode Voltage (V) 350 500 
Max. Anode Dissipation (W) 10 i 25 
Max. Anode Current (mA) 50 200 
Max. Peak Anode Current (mA) 150 800 
Power Output (W) 6 


0.5 
(at 3000 Mc/s) 


(at 1500 Mc/s) 
2 














3.8 0 

(at 500 Mc/s) (at 430 Mc s) 
Mutual Conductance (mA/V) 6 20 
Amplification Factor 30 30 











THERMIONIC 


ACCELEROMETERS 
COLD CATHODE TUBES . 


CATHODE RAY TUBES 


Mulla 








VALVES 


STABILISERS 


& ELECTRON TUBES 


INDUSTRIAL RECTIFIERS . PHOTOCELLS 


AND 


ELECTROMETERS, ETC, 





MULLARD ELECTRONIC PRODUCTS LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 








MVT 64 


































a UT Ae ates 
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The ““Belling-Lee” page 
for Engineers 





CHA DRILLING 


















This fuseholder, designed for rack or panel requirements, 
takes fuses to B.S. 646 (type B). Suitable for 5 amps. at 
250V A.C. or up to 20 amps. at lower voltages pro rata. 


1.356 The contact resistance throughout is less than two milli- 


























7.590100 ) Service ohms. It is moulded in bakelite with coin slotted carrier, 
W.4360 reference single hole non-rotating fixing. It is insulated from the 
10H/2169 } numbers panel and has tin-dipped solder spills. 
_ a 1 amp. fuse or as Delivery (without fuses) off the shelf! 
= A miniature version L.575 is available. 
. 
——f 
5) 
) 
a ST NUMBERS é ee a. : 
wd = ; rains | electronic and electrical industry is very wide, i.e. connections 
; Type | 5-Way | 7-Way 10-Way!  fr5m power pack to chassis, amplifier to receiver etc., etc. 
| Flex Plug -|L.1258*, 1.530 L.1244 Important features include (1) Flex parts moulded in black 
E Flex Plug -| L.528 — a 3 : ‘ ri 
F Chas. Skt.| L.331 | L.726  L.332 bakelite with locating key. Single screw assembly. (2) Metal 
ag gy gH | iat acy parts silver plated and with soldering spills. (3) ‘‘O-Z” 
Chas. Plug| L.551 | L.533 | — contact pins rated at 10 amps. (4) Low contact resistance. 
All types have Service reference (5) Two contacts spaced to carry mains voltages. (6) L.331, 
numbers. L.726 and L.332 supplied with safety shield panel. These 
} * With exceedingly efficient cord 


components are well worth using even with idle pins. 
Delivery of most types off the shelf! 


grip. 














BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 














Lisl 
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servers 


THE INSTRUMENT 
MANUFACTURER 


Illustrated here are three standard 
types, but S.E.I. Photo-cells can be 
supplied mounted or unmounted in 
other sizes to meet special individual 
specifications. 


Make sure you always use S.E.1. 
Photo-cells 


SALFORD ELECTRICAL INSTRUMENTS LID. 


PEEL WORKS .- SILK STREET . SALFORD3 - LANCS . ENGLAND 
A subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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FOR VALVE HOLDERS 


2 and all radio components 
= FREQUENTITE — FARADEX — TEMPRADEX 


STEATITE & PORCELAIN PRODUCTS LTD. bo 


Stourport on Severn, Worcestershire Telephone: Stourport I 11 Telegrams: Steatain, Stourport 












BRITISH 





tailor-made 
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flexible cables 
for electronic 
equipment 


If you need special multi-unit low-loss 
cables for electronic equipment—let us design 
and manufacture them to your requirements. 
They may include coaxial, twin, quad and small 
power or control cores in any combination. 


BICC can offer you specialised pro- 
duction facilities for this work. as well as the 
services of skilled engineers who have tailor- 
made low-loss cables for all current requirements. 


Why not take advantage of this oppor- 
tunity? Write to-day and let us assist you 
with your problems. 


Cables on right are examples which 
have been designed and manufactured by BICC 
to meet specialised needs. 


P, 


BH 





NORFOLK HOUSE, NORFOLK 


INSULATED :. CALLENDER’S 
STREET, 





Polythene-insulated 
P.V.C. sheathed multi- 
core cable with micro- 
phone and control 
cores for film studio 
use. 


Multicore polythene- 
insulated and sheathed 
television camera 
cable. Overall dia- 
meter 0.5 inches. 


P.V.C. sheathed multi- 
core polythene-insu- 
lated flexible television 
camera cable. Overall 
diameter 0.8 inches. 


nh -unit 
LOW-LOSS CABLES 


CABLES 








LONDON, 


May, 1950 


LIMITED 
Wc. 





, 1950 May, 1950 Electronic Engineering ” 





| Safe 
Efficient 
Durable . 


WHEREVER a portable source of high frequency energy is required —in the lamp and 
valve industries, in commercial and industrial laboratories —this Ferranti TESVAC 
vacuum tester ensures maximum efficiency of transmission through glass with minimum 
risk of puncture or shocks. Strongly-made of durable materials, its safety lies in the 


frequency output of 4 megacycles. 


Ww 











7 
Ferr anti Lid. ELECTRONICS DEPARTMENT, MOSTON, MANCHESTER 10 


Cc 
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Where excellent quality reproduction is essential .. 


. - the Metrovick 


AUDIO AMPLIFIER 


is the instrument to use 


This instrument is designed to give excellent quality reproduction with the added advan- 
tages of being a self-contained unit, portable and attractive in appearance. Thus it will 
prove ideal for Public Address work, educational authorities and similar organisations. 


Supply : 
Input : 


Impedance : 
Output : 

Tone Control : 
Response : 
Controls : 


Dimensions : 
Finish : 





METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 


SPECIFICATION 
200/250V 50 c/s single-phase ; consumption approximately 
170 VA for full output. 
Gramophone o:2V for full output. Microphone 0:o02V for 
full output. The two circuits can be mixed as required. 
7 ohms, 15 ohms and 45 ohms. 
20 watts with negligible distortion. 
Continuously variable. 
+1 dbfrom 30to 1 5000 c/s at zero position of tone control. 
These are recessed to avoid damage and are illuminated 
when in operation. 
183” x 84” x 10}”. 
The instrument is housed in an attractive steel case, stove 
enamelled in cream or blue as desired. A leather carrying 
handle is fitted. 








TRAFFORD PARK, MANCHESTER 17 


R/E903 
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A GREAT NAME 
rests on public trust 
The name Marconi is a household | English language is spoken, the words 
word all over the inhabited world. It | Marconi and wireless are interchangeable. 
has come to mean in people’s minds all | The Marconi Company is justifiably 
that is most modern in wireless and | proud of the universal confidence its 
communications. In fact, wherever the | name inspires. 
M. 
> 5: | eS ce ° ° 
the FIRST and GREATEST name in Wireless 
MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED +> MARCON! HOUSE>+> CHELMSFORD: ESSEX 
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The ME54 five-channel recorder is one 
of many types that we make with con- 
tinuous-feed and drum camera. There 
are F.M. pre-amplifiers for capacity pick- 
ups and D.C. pre-amplifiers for strain 
gauges and other purposes. 
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The ‘CINTEL’ Microsecond Counter 


Chronometer 

Will measure very short time intervals in the range 
1 Microsecond to 1 Second with an accuracy of +1yS, 
+0.005% and 10 Microseconds to 10 seconds with an 
accuracy of +10uS, +0.005%. 

The instrument has many other applications apart from 
Time measurement including Random Counting, Frequency 
Measurement, Frequency Division etc. 

For further particulars please write for Leaflet No. MCC1/1. 
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EXHIBITIONS 


, @ WO exhibitions of considerable importance to the 
electronic engineering industry as a whole have 
been held in London during April. The first, the 
Physical Society’s Annual Exhibition of Instruments 
and Apparatus at Imperial College, South Kensing- 
ton, was the thirty-fourth of the series and the fifth 
to be held since the war. 

Although its aims have remained fundamentally 
unchanged since 1905, the exhibition has, year by 
year, grown steadily in scope and importance, and 
this year some 120 firms and research organisations 
took part. 

The Exhibition covered a wide range of instru- 
mentation. Only a casual inspection of the 
exhibits is necessary to show the extraordinary 
growth in the application of electronics to the tech- 
nique of measurement. 

Like its predecessors, it has achieved an admirable 
balance between displays by commercial firms and 
research exhibits by Government departments, 
universities and other research organisations; and 
though it is not housed to its best advantage, the 
exhibition clearly demonstrates the strength of the 
British instrument manufacturing industry. 

With perhaps a freer hand than their opposite 
numbers in commercial firms, scientists in universities 
and Government departments displayed an array of 
apparatus using a wealth of new techniques for the 
solution of long standing problems. It is significant 
that in the research section the Ministry of Supply 
was by far the largest single exhibitor, with displays 
and demonstrations from its Atomic Energy, Chemical 
Defence, Radar, Signals, Armament, Telecommunica- 
tions Research and Development Establishments. 
The Royal Aircraft Establishment, the Royal Navy 
Scientific Service and the Department of Scientific 
and Industrial Research also had important contribu- 
tions. 


_ The growth of the British instrument-making 
industry to its present state largely depends on the 
supply of accurate, reliable components of all kinds, 
and the opportunity for the component industry to 
display its products occurred later in the month at the 
private exhibition at Grosvenor House organised by 
the Radio and Electronic Component Manufacturers 
Federation. 

The R.E.C.M.F. Exhibition (of later origin than 
the Physical Society’s Exhibition) is the outcome of 
an exhibition held during the war. It was in the 
nature of a ‘‘ hush-hush ”’ display promoted exclu- 
sively for the benefit of the Service Establishments 
and the Armed Forces. 

The success of that exhibition and a second which 
followed in 1945 influenced the Radio Component 
Manufacturers Federation, as it then was, to hold 
annual exhibitions, to acquaint engineers and 
manufacturers with the latest advances in the design 
and development of the multitudinous components 
required for the radio, electric, communication and 
allied industries. 

At this year’s three-day exhibition there were 
over one hundred exhibitors whose products covered 
all types of materials, components, valves and 
measuring apparatus, and ranging from thimble-sized 
vales and miniature components for hearing aids to 
heavy duty equivalents for huge power television 
transmitters. 

The resources of the British component industry are 
worthy of note. Before the war, the industry con- 
sisted of about 40 firms with an annual output of 
approximately 50 million major components of com- 
paratively simple design. Today, over 130 firms are 
producing annually nearly six times as many major 
components, the majority of which involve intricate 
manufacturing and assembly techniques and methodi- 
cal testing, selecting and grading. 
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MARCONI MARINE JUBILEE, 1900 - 1950 


In February, 1896, Gugliemo Marconi arrived in England and successfully demon- 
strated his wireless transmissions to Sir William H. Preece, Chief Electrical Engineer 
of the Post Office. 

Four years later on Marconi’s 26th birthday the Marconi International Marine 
Communications Company was formed, with offices in London and Brussels, ‘* for 
the purpose of developing for the safety and convenience of all those at sea’”’ 
Marconi’s discoveries. 


























From these early beginnings have developed the radio, radar and television as 
we know them today. is { 

On April 25th this year the first fifty years of the Company’s service to shipping 1S 
have been successfully concluded and an item of the Jubilee programme was an sid 
exhibition at the Baltic Exchange, London. dec 

Here were equipped a number of ships’ wireless cabins typical of the period from gai 
1900 to 1950 and marking the progress made in ten-yearly decades. of 

Among the historic exhibits were the first valve receiver made in 1904 and . 
employing the Fleming Diode ; a magnetic detector made in a cigar box by Marconi Pos 
himself, and an early experimental spark transmitter incorporating the now famous ( 
tuned circuit patent No. 7777. 

With the co-operation of the General Post Office a large map of the world was by 
shown indicating the daily position of actual ships at sea, similar to that at Burnham, sol 
the radio station which handles all Britain’s long-distance marine traffic. of 
The accompanying illustrations show :— 

1. Marchese Marconi, G.C.V.O., LI.D., D.Sc., born April 25, 1874, died July 19, 

1937 
2. Aship’s wireless cabin of 
1900 equipped with a a 
battery operated spark trans- 
mitter using an inductor coil 
and Leyden jar condensers. 
3. The actual magnetic de- 
tector made by Marconi. This 
exhibit is preserved in the 
Marconi Company’s museum Th 
in Rome and was specially : 
flown to London for the “ 
occasion 
4. The long range radio- Th 
telephony transmitting and ® ba 
receiving equipment on . 
board R.M.S. ‘‘ Queen of aa 
Bermuda ”’ 
The radio equipped cabin of Th 
the Orient liner ‘‘ Orcades ”’ 
showing similar modern i 
long-range transmitting, 
receiving and direction find- No 
ing equipment rs 
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The Nyquist Criterion of Stability 


By J. C. WEST, B.Sc., A.M.!.E.E.* 


sa HE principles of feedback have been known for a 
long time. If the output of an amplifying circuit 
is fed back to the input through a suitable network it 
is possible to alter the amplifier characteristic con- 
siderably. The overall gain may be reduced and 
decrease the amount of all forms of distortion.’ The 
gain may even be reduced to unity as in the majority 
of servo-mechanisms or like the Cathode Follower. 


Positive and Negative Feedback 


Consider first of all a feedback system represented 
by Fig. 1 that is stable and which produces a sinu- 
soidal signal output eo for an input e:. The gain G 
of the whole circuit is the ratio of output to input 


G = €o/ ei 





AMPLIFIER > 


i> a mame 


INPUT | 2&9 A OUTPUT 








Fig. |. 
Simple feedback 
loop 











FEEDBACK 


The amplifier alone has a gain A so that if e is the 
input signal at the amplifier terminals then: 
A = €o/ es Gas 654 00.010 060 On e'wisie’s Cabieee (2) 


The feedback circuit connected to the output éo feeds 
back a signal feo to the amplifier, so that the total 
input signal is now: 

e& =e + Beaw en aucrercen tan (3) 


These three relations can be combined to give the 
overall gain in terms of A and P 


GB me BPE + BR) voc iicccnciveseess (4) 


Now A, & and hence G will, in general, be complex 
for phase changes take place as well as amplitude 
changes in amplifiers and networks. If the absolute 
magnitude or modulus of the denominator, usually 
written | 1 — Af |, is less than unity then the gain 
G with feedback is greater than the gain A without 
feedback and if |1 — Af| is greater than unity then 
G is less than A. In the first case where the effect 
of feedback is to increase the gain the system is said 
to have positive feedback, and in the second case with 
reduced gain, negative feedback. 

Suppose an amplifier introduces no phase change 
and the gain is a real number, say 100, and that the 
feedback system also has no phase change at the fre- 
quency considered, but is only an attenuator where 
B can be represented as a fraction, say 1/200. 
Suppose that it is possible to reverse the con- 
nexions of the feedback path so that 180° phase 
change takes place, i.e., 8 is now —1/ 200. 

When the feedback f is positive, the product AP 
is equal to } and |1 — AA| is.less than unity. The 


* Electrical Engineering Laboratories, The University, Manchester. 











gain G is doubled. When the feedback f is negative 
|1 — AB| is greater than unity, being in fact 14 and 
the overall gain G is reduced by a factor of 3. Thus 
positive or negative feedback depends on the sign of 
AB, whether it is positive or negative. However, 
when A and £ are complex, i.e., the phase changes are 
not zero or multiples of 180°, it is more difficult to say 
whether positive or negative feedback is taking place. 


Stability 

If AB were made exactly equal to unity for a certain 
frequency, then as seen from Equation (4), the overall 
gain G would be infinite and the system would 
definitely be unstable. The condition Af = 1 is suffi- 
cient to ensure instability, but it is not a necessary 
condition for it is possible to have an unstable cir- 
cuit for which AP is not equal to unity for any fre- 
quency from zero to infinity. The reason that Equa- 
tion (4) does not produce the complete stability condi- 
tions is that the feedback system of Fig, 1 is assumed 
to be stable initially in order to derive the equation. 
‘Thus it is only valid when the system is stable and it 
is inherently impossible to derive the conditions for 
instability from it. 

The root of the trouble lies in considering only 
steaay state conditions. When the input is initially 
applied there is a transient condition, normally for a 
very short period, before the output has reached the 
steady state. Under appropriate conditions, however, 
this transient state may not die away rapidly, but 
instead build up continuously so that a steady state 
condition is never reached. Thus it is inevitable that 
a study of the stability leads to a study of the tran- 
sient conditions. 


Transient Resp 

If any signal whose instantaneous voltage at a time 
t is represented by E:(t), is applied to the input of a 
four terminal network, then the corresponding out- 
put E.(t) can be obtained by a differential equation. 
If the network consists only of lumped parameters, 
i.e., resistors, capacitors and inductors and possibly 
valves, then the relationship is a linear differential 
equation with constant coefficients. 


As a simple example, consider the circuit of Fig. 2. 
The differential equation is: 
dE» (t) 
dt 
and if the input is a sine wave applied at time t = 0, 
i.e., Ei(t) = Esin et then the differential equation 
gives the output as: 
E.(t)=1/RC €-*/ *° + E{ sin(ot + 9) }/{ (1+ R°C*o’) St 


where ¢ is given by arctan 1/ RC», 

The second term is the steady state output remain- 
ing when the transient given by the first term has 
decreased to negligible size. It must be noted that 
the transient term is independent of the form of the 





RC + E.(t) = Ei(t) 
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input signal. It can be shown that this term is the 
response of the network to a unit impulse applied at 
time t = 0 if the network is initially in a state of rest. 
This solution is often referred to as the weighting 
function. 











o VW t ° 
— * 
E; (t) T Eo(t) (Seerexe) 
—— 0 
In the general case the differential equation 
becomes : 
i dE. ae d’~"Eo r' ‘ a 
* dt" at — 
d" Ei d"~ Ei 
ba —— +1 « - GEE ubtuean veers 5 
dat" ) 1! ae | b . . (5) 
where m < n 
and @: ... do, bm... bo are constants determined 


by the components of the network and by the initial 
starting conditions. To obtain the transient solution 
only, E: is made zero and the right-hand side of Equa- 
tion (5) becomes zero. This solution is made up of a 
sum of terms each of which has an exponential factor 
of the type €” where p is in general complex. The 
values of p can be obtained by substituting €"* for E. 
in the left-hand side of Equation (5) and equating to 


zero. This becomes: 
{ aap" + do-rp"—" +4 +a se =9....., (6) 
Thus €”' is a solution if 
aap” + ageap’—" +. 3s He =O oo.ecceeses (7) 
The roots of this equation give the required values 


of p. 

If i of these values are complex and take the form 
pr = % + je 

where ¢ and & are real, then the conjugate values 
ptm 0, — joy 

will also be roots of the equation, and it will then be 


possible to combine a root with its conjugate to form 
solutions with factors €7r' cos “t and €7."' sin et, 


Thus the transient solution is made up in linear 
combination of a sum of terms with exponential fac- 
tors, each of which wil! take one of the following forms 
depending on the particular value of the root p:. 


(a) pr real and. negative .................. e° 
y- complex with negative real part Cosert 
(b) ae 


p:* conjugate of above Sine, t 


@ purely imaginary aa 
ee ee me 
( pr* = —pr Sine:t 
pr comp!ex with positive real part Cose:t 
(d) i. Pe ee at ee i ee e? .t : 
p:* conjugate of above Sine. t 
(e) px real and positive ..................... c’s* 


The first two types approach zero rapidly as t in- 
creases, while (c) oscillates continuously, (d) oscil- 
lates with ever increasing amplitude and (e) increases 
rapidly without oscillation. Thus considering a linear 
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combination of these types, only when all the p’s have 
negative real parts (as in a and b) will the transient 
solution approach zero as t increases. If one or more 
of the p’s have a zero or a positive real part, then the 
transient solution will not approach zero and the 
steady state will never be attained. Under these con- 
ditions the network is unstable and it is seen that 
the criterion for stability rests solely on whether any 
of the roots of Equation (7) have zero or positive real 
parts, in which case it is unstable, or whether all the 
roots have negative real parts forming a stable net- 
work. In practice it is not desirable to have to find 
the roots of an equation such as (7) to determine the 
stability, especially as n may be quite large. This 
can be avoided by the use of the Hurwitz criterion’ 
which gives the conditions that a polynomial shall 
have roots with negative real parts. These same con- 
ditions also form the basis of Routh’s’ criteria of 
stability in linear dynamical systems. However, these 
methods of stability determination have little value 
for the electronic engineer for if it turns out that the 
network is unstable the criteria give no information 
to enable the designer to modify the network in the 
right manner to gain complete stability. 

There is another stability criterion, first shown and 
proved by Nyquist‘ specially for feedback systems, 
which does give some indication of the necessary 
modifications to make an unstable system stable and 
also shows how near to instability is a given stable 
network. Several alternative ways of proving the 
theorem have been developed”*’ but the following 
aecount will be developed graphically from the pre- 
ceding argument. 


The Frequency Response Locus 

If the network is stable and the input consists of 
a sinusoidal voltage, then the output will become sinu- 
soidal of the same frequency after a certain time has 
elapsed from the application of the input signal, i.e., 
after the transient effect has decreased to zero for all 
practical purposes. The ratio of the steady state out- 
put to the input function is termed the “‘ Steady State 
Response Function,” or the ‘‘ Frequency Response 
Function.”’ If the input function is written: 

E:(t) = bias 
then the output function becomes: 
E.(t) = ®(j*) . E:(1) 

where ?(je), a complex function of frequency inde- 
pendent of time, is the frequency response function. 
For the general linear network this function can be 
cbhtained from Equation (5) by the substitution of 
Equation (8) and (9). Hence: 


£ aa(je)" + av-a(jo-" +... + ao FECj2) = { bm(ja)” + 


bm-s(ja)"-? +... +bo } 
from which is obtained : 
(jo) ={bm(je)" +... + bo }/{an(joy" +... + ao} 
EROS aN CRP nae es (10) 
if the complex function ?(j#) is separated into real 
and imaginary parts so that: 
(jo) = Pi(jo) + P2(je) o.oo. (11) 
where ®; and ® are both real, then for a particular 


frequency, ®(j#) can be represented vectorially as in. 
Fig. 8, where the absolute magnitude OP and the 
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phase angle ® are given by: 
OP = | (jx) | = {%; + “} 
and 
9 = arctan ?:/ 9% 
If © is varied from 0 to + © then OP and 8 vary and 
the point P will trace a contour, a typical one being 


shown in Fig, 4, and if the locus is continued for nega- 
tive frequencies from 0 to —© (a purely mathematical 








$, (*) 
Le sas hay lke tna aes alk reas a a Pp 
2 ' 
a 
' 
& Fig. 3. The 
< iw response vector 
Fa | boi ) 
i | 
= ! 
2 A 
° REAL AXIS 


fiction) it is found to be the exact image of the posi- 
tive frequency contours about the real axis. This is 
shown dotted in Fig. 4. The complete plot from —© 
to + © is the ‘‘ Frequency Response Locus.”’ In prac- 
tice it can be obtained, for a given network, by direct 
measurement of gain and phase change without any of 
the constants of Equation (5) being known. 


The Generalised Frequency Response Function 


It is essential for the development of the proof to 
consider, not a simple sinusoidal input signal ¢’@* as in 
the last section, but an input function of the form 
e*’ where p, as before, is complex with real and 
imaginary parts p = 7 + j#. The frequency response 


function now becomes: 
?(p) = { bm(p)" + bm 1(p)" “T 4 Aa re bo} /{ an(p)" + 


an-1(p)"~" = ura av } Jo a bia atl alleen naoone (12) 


= %(p) + j*(p) 
This generalized frequency response function ?(p) has 
two main properties. First, if p = 7 + je is replaced 
by (j*) that is * made zero, then the function de- 
generates into the steady state response ?(j#) dis- 
cussed previously. Second, if the denominator of 


Equation (12) is taken on its own and equated to zero, 
the values of p satisfying the equation are those 
required to find the solution of the transient function 
and determine whether the network is stable or un- 


stable. 


Fig. 4 (left). 


The frequency 
response locus 


Fig. 5 (right). 
Section of a 
generalized  fre- 
quency response 
diagram 
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The frequency response locus (Fig. 4) is a plot of 
the steady state frequency response to sinusoidal in- 
put for frequencies —-© to +%, It is a special case 
of ®(p) when ¢ = 0, i.e., (jx). Hence a complete 
set of curves could be drawn each for varying © from 
—-® to +%, but having different constant values 
of ¢. A section of such a series of curves is shown in 
Fig. 5 where the full line is part of the steady state 
frequency response locus where ¢ = 0 and the broken 
lines indicate loci with various values or 7. It can be 
proved” that all the loci with values of ¢ positive and 
greater than zero are to the right of the frequency 
response locus for 7 = 0 as the contour is traced in 
the direction of increasing frequency. If the fre- 
quency response locus forms a closed loop as in Fig. 4 
then the loci of positive ¢ all lie inside the closed loop. 


Networks with a Feedback Loop 

Consider now the feedback system of Fig. 1, and let 
A and B now be functions of p for an input of the 
form ¢" defined in the same manner as Equation (12). 


If the feedback loop is broken, as shown in Fig. 6, 
then an input e: = €” will produce an _ output 
eo = A(p)e"* and fed back through the # network 
would become : 

erv. = A(p). B(p). e" 
= 2,(p) . e* 
where ?.(p) = A(p).F(p) is the open loop gain of 
generalized frequency response. 

Reconnecting the feedback loop, the overall gain or 
frequency response will be given, in a similar manner 
to Equation 4, by the following : 

G(p) = A(p)/1 —- A(p)P(p) ......... (13) 
= A(p)/1 ~ %o(p) 

If p is replaced by (je) then Equation (13) becomes 
identical with Equation (4), but as it stands the equa- 
tion can be made to determine the stability criterion. 
For if the denominator is equated to zero, the roots 
give the required values of p for the transient response 
and if any of these roots have positive real parts the 

system is unstable. 
| Ae 7) | eee Cee (14) 

Suppose the open loop gain ?(p) = A(p) . /\p) is 
plotted in a series of contours, as in Fig. 7, when 
o =0 the locus is the steady state frequency response 
for the open loop Af. It will be a closed contour, for 
the frequency response at + is always zero, and it 
is known that all the loci of positive values of @ lie 
inside the curve. Consider the point +1 on the real 
axis, the contours passing through this point satisfy 


INCREASING NEGATIVE 


\ INCREASING POSITIVE 
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the equation: 
Po(p) = 1 

giving the values of p = 7 + j#, but this equation 
is identical with Equation (14). Therefore these 
values of p are the ones required to determine the 
transient response. The system is unstable if any 
of these values have a real part which is positive and 
greater than zero. But we have séen that all the 
positive ¢ loci lie inside the open loop frequency 
response curve and therefore the system can only 
have a positive 7 root if the +1 point lies inside this 
contour. If the iroquency response curve does not 
enclose the point +1 the system must be stable. 





Fig. 6 (left). 


: 2 The open-loop 
ei “3 gain 














Ltd. 


This is Nyquist’s criterion for stability and can 
be stated as follows :— 

Plot the frequency response characteristic of the 
open loop circuit Af as a vector locus of magnitude 
and phase. This can be done either theoretically by 
analysing the known networks A and #, or by prac- 
tical frequency measurements with f disconnected as 
in Fig. 6. If this plot encircles the point (+1,0) 
the system is unstable. If the plot does not enclose 
this point the system is stable and, furthermore, if 
this point is some distance away from the plot, then 
minor variations in the operating conditions, i.e., 
changes in voltages or of the circuit constants, are 
unlikely to cause any instability. 

Frequently the criterion is stated in a modified 
manner where the plot of —AP is taken.” This only 
means that the whole diagram is turned through 
180° and the critical point is now (—1,0). 


Conditionally Stable Networks 


A conditionally stable network is one which is only 
stable for certain gain conditions of the open loop. 
For instance, a positive feedback arrangement is 
stable if the open loop gain is less than unity, but 
increasing the gain produces instability with ensuing 
oscillations. If it were possible to come into a stable 
region again by a further increase in the open loop 
gain, then the network would be conditionally stable. 

According to the Nyquist theory, if the open loop 


Fig. 8 (right). 


Conditional 
stability 





Fig. 7. 


Regions of 
positive and 
negative o 
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gain contour takes the form shown in Fig. 8a, then 
it ought to be possible to make this network operate 
in a conditionally stable state. 

In Fig. 8a the circuit will be stable, and if the gain 
is increased so that the conditions are as shown in 
Fig. 8b then the circuit will be unstable, but if con- 
dition 8c is obtained by a further increase in gain, 
then the circuit should be conditionally stable. 

A successful experiment was carried out in 1934’ 
to verify the existence of this conditionally stable 
case. From the preceding section it is fairly clear 
how this phenomenon arises. The roots of Equation 


a & 


W=0 W300 
(9) (b) (c) 





@=0 a 400 +1 








(14) for the case 8c must all have negative real parts, 
since the loci corresponding to positive real parts are 
!l inside the closed contour and hence cannot cut 
the (+1,0) point. With this amount of gain the 
circuit must be stable and the operation can be 
studied by the use of the steady state response. 


Appendix 
The following restrictions have been assumed :— 

1. A valve amplifier can be regarded as composed 
of a multiplying constant produced by the gain of 
the valves and independent of frequency and a 
frequency dependent factor determined by the 
L.C.R. networks of the circuit. 

2. The addition of a f circuit to the output of the 
amplifier does not modify the operation of the 
amplifier. 

3. When the open loop gain AP is measured the dis- 
connecting of 8 must not upset the loading condi- 
tions and alter A or PB. 

i. The amplifier A and the feedback circuit 8 must 
both be stable circuits when isolated. 

5. The high frequency response of the amplifier must 
eventually become zero. This is inevitably true 
in all realizable networks. 

6. All the circuits must consist only of lumped com- 
ponents, i.c., high frequency lines, feeders and 
aerials. are not included in the loop. 


References 
‘Methods of Applying Negative Feedback,” 

" wommes 1945, p. 770 

2 A. Hurwitz : Mathematische Annalen, 1875, Vol. 46, p. 273. 

2 £. J. Routh: “‘ Advanced Rigid Dynamics,” pp. 192-202 (1892 edition). 

“H. Nyquist: ‘‘ Regeneration Theory,” Bell System Tech. Journal, 11, 
p. 126, July, 1932. 

5G. S. Brayshaw : Wireless Engineer, Vol. 14, No. 597, 1937. 

*D. G. Reid: Wireless Engineer, Vol. 14, No. 588, 1937. 

7R.S. Rivlin: Wireless Engineer, Vol. 17, No. 202, 1940. 


’H. W. Bode: “ Network Analysis and Feedback Amplifier Design,” 
D. Van Nostrand, N.Y., 1945. Chap. 8, p. 154. 


* Peterson, Kreer and Ware: “‘ Regeneration Theory and Experiment,” 
Proc. I.R.E., 22 October, 1934, p. 1191. 


1° See Ref. 8, Sect. 86, p. 151. 


Electronic Engineering, 





}950 


then 
rate 


rain 
1 in 
con- 
ain, 


934° 
ible 
lear 
tion 


is, 
are 
cut 
the 


he 
he 


is- 


li- 


n- 
rd 


MJ, 








May, 1950 
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A New Cold Cathode Counting Tube 


By R. C. BACON, B.Sc., A.inst.P.,* and J. R. POLLARD, M.A., M.I.R.E.* 


A general study of the work already carried out in the field of electronic counting and computing, leads inevitably to the impres- 

sion that, despite considerable ingenuity on the part of circuit engineers, there remains a fundamental need for specialised tubes 

designed to meet the new problems involved. In this approach to circuit simplification, it is logical to attack the problem by 

dealing in the first place with speeds that are in the immediate range above that at which mechanical devices can be safely and 

reliably operated. To fulfil this need a range of ‘Dekatron’ tubes has been designed which comprises, at present, three types 
of multi-electrode cold-cathode tubes. 


General Principles of Operation 


Sr three types considered in this article are: 
(1) A scale-of-ten tube on an octal base for direct 
viewing. 

(2) A scale-of-ten ‘tube of miniature size on a 
B7G_ base for frequency division cr gate operation. 

(3) A batching tube with multiple outlets, of 
similar physical dimensions to (1), for the purpose 
of obtaining any of several scaling factors. 

All the above types operate on the same principle. 
A cathode glow on one of a set of inter-connected 
cathodes, arranged around a central common anode, 
is caused to transfer from one position to the next 
by the application of controlling voltages to inter- 
mediate electrodes or “‘ guides.’”? This arrangement 
will become clear by consideration of Figs. 1 and 2. 

Fig. 1 shows, around the central anode disk A, a 
number of equi-spaced rods or wires (on a pitch circle 
of 20 mm. diameter in the case of GC10A). These 
wires actually comprise thirty electrodes, of which 
ten are cathodes, ten are guide 1 electrodes, and ten 
guide 2 electrodes. Nine of the cathodes are con- 
nected internally in the sequence shown in part in 
Fig. 1. The tenth cathode is isolated and brought 
out separately, as the output or marking cathode. 
The ten guide 1 electrodes are connected internally. 
gl, gla, etc., and in the same way the ten guide 2 
electrodes marked g2, g2a, etc., are internally linked. 
Hence the tube has five outlets, comprising anode, 
output cathode, cathode ring, guide 1 ring, and 
guide 2 ring. 

Referring to Fig. 1, together with the simple cir- 
cuit arrangement of Fig. 2, let it be assumed that a 
discharge is taking place between the anode A and 
cathode k2. If a negative pulse of 120 volts is 
applied to the group of guide 1 electrodes (gl, gla, 
etc.) which were originally at +60 volts with respect 
to the cathode k2, a transfer of the glow will take 
place in a clockwise direction to electrode gla. That 
is to say the glow discharge will transfer preferen- 
tially one position clockwise as opposed to two 
positions anticlockwise to electrode gl. If it be 
arranged that simultaneously with the restoration of 
guide 1 to +60 volts, a similar pulse is applied to 
guide 2, the glow will move clockwise to electrode 
g2a. The function of the two guide systems is thus 





* Research Laboratories, Ericsson Telephones Ltd., Nottingham. 


to render certain the direction of motion of the dis- 
charge. When guide 2 is restored to its original 
potential of +60 volts relative to the cathode, the 
glow moves forward to the next cathode k3. This 
accomplishes one complete cycle of operation: for 
each such cycle the illumination moves one step in 
a clockwise direction. 


Fig. |. 
Interconnexion of the 
electrical system of the 
cathode counting tube 





It follows from the above argument that by revers- 
ing guide 1 and guide 2 connexions the glow can 
be caused to rotate in an anticlockwise direction. 

The action of these tubes as described will no doubt 
recall a somewhat similar tube of recent American 
origin.t There are, however, certain interesting 
points to be noted. In the first place it will be 
appreciated that the functioning of the tube now 
being described is essentially a guided transfer of 
the discharge from cathode to cathode, rather than 
a series of separate striking and extinguishing 
operations. Thus it is not necessary to raise the 
potential of the glowing electrode simultaneously with 
the reduction of potential of the ‘“ about-to-glow ” 
electrode in order to effect the transfer of glow. It 





+ ‘*A Polycathode glow discharge tube for counters and calculators.” 
J. J. Lamb, J. A. Bustman, Electronics, Vol. 22, No. 11, pp. 92-96, 
Nov. 1949. 
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Fig. 2 (above). 
Driving and output 
arrangements 


Fig. 3 (right). 
Electrode assembly and 
completed tubes. The 
GCIOA tube is shown on 

the extreme right 


suffices to cause the potential of the ‘‘ about-to-glow ”’ 
electrode to become a few volts negative to that of 
the glowing electrode. 

In addition, it may be pointed out that the GC10A 
will operate quite satisfactorily at very low current 
values—of the order of microamps rather than milli- 
amps. It is expected that a reliable life of the order 
of 10,000 hours will be obtained in view of the life 
test data already accumulated. 


Tube Details and Performance 


The major items influencing the satisfactory 
operation of the tube are: 

(1) Mechanical accuracy and uniformity of elec- 
trode spacings; 

(2) Purity and freedom from contamination of the 
electrodes; 

(3) Purity and accuracy of the gas filling. 

In order to fulfil these conditions the tube is com- 
pletely iig assembled, resulting in an accurate and 
rigid 30-electrode unit as depicted in Fig. 3. A great 
deal of attention is paid to the initial and final purity 
of the electrodes and other components to ensure 
clean and stable surface conditions that will permit 
uniform behaviour over a long life. 

In the case of the GC10A the recommended 
maximum counting rate is of the order of six hundred 
cycles per second and, with applied voltages as shown 
in Fig. 2, the operating current is 200 microamps 
with a nominal tube voltage drop of 160 volts. 

The GC10A tube is rather less than 100 mm. in 
length, is fitted with an international octal base and 
the viewing end of the bulb is approximately 28 mm. 
in diameter. A metal shield indicator carrying 
numbers 0 to 9 can be fitted over the bulb as an 
additional indication of count if required. 

The electrical characteristics of the miniature 
version of this tube are similar to the GC1OA. Its 
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application is more appropriate as a gate or frequency 
division tube rather than as a counter for direct 
viewing. 

In order to cover the probable necessity for scaling 
factors other than ten, certain “‘ batching ”’ tubes 
have been considered. A very considerable degree of 
flexibility can be achieved with this type of tube by 
dividing the cathode ring on the standard tube and 
bringing out a number of cathode connexions. It 
will be appreciated, for example, that in a twelve- 
cathode system with suitable outlets, division by two, 
three, four or six would be possible. 


Circuit Requirements 


In discussing the practical application of these 
tubes two aspects must be considered: the produc- 
tion of suitable controlling voltages on the guides, 
and the utilisation of the output current at the 
separate cathode. 

The driving circuit for the, tubes must produce the 
necessary transfer conditions each time an input 
pulse is applied to it: a typical transfer charac- 


Fig. 4. 
Transfer 
characteristics 
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teristic is shown in Fig. 4. The glow transfer takes 
place over a range of no more than a few volts 
potential difference between adjacent electrodes. A 
wide range of voltage waveforms applied to the 
guides will serve to cause the transference of the 
glow, but the best, and that which is recommended 
for use at the highest counting speeds, consists of 
interlaced or paired rectangular pulses of the form 


t bre: ft ‘ ~~ * cane 

Ree SS Se See | eee Cae 

LS. ott 32 Se Bape 
; J 
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Fig. 5 (left). 
Driving circuit 
waveforms 


ee 


Gr Es ane 


Fig. 6 (below). 
Driving circuit 
producing paired 
rectangular pulses 
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shown in Fig. 5A. From this figure it can be seen 
that the mark-space ratio of each pulse is approxi- 
mately one-third, so that at any given speed the 
maximum possible time is allowed for the discharge 
to settle on one electrode before the next transfer 
is initiated. 

One rather elaborate arrangement, which produces 
extremely satisfactory driving voltages of this type, 
is shown in Fig. 6. A sine wave input signal is 
applied to a phase shifting circuit, which provides two 
outputs differing in phase by 120°. These voltages 
are applied to diode ‘slicers’? Vi, V:, which pass 
only the portion of the waveform between amplitude 
levels set by the potential divider Ri, R:, Rs. The 
resulting pulses, which have the correct base-width 
and phasing, are then amplified in the limiting ampli- 
fier stages Vs, Vs, and applied, by means of the 
cathode followers Vs, Vi, to the guides of the scaling 
tube. 

Although the types of waveform shown in Fig. 5A 
represent the ideal for high speed operation, they 
require rather complex apparatus for their produc- 
tion. Considerable economy in the drive circuits can 
be obtained if a slight reduction in maximum count- 
ing speed is acceptable. For example, Fig. 5B shows 
a square pulse applied to guide 1; the pulse applied 
to guide 2 is obtained by the action of an integrating 
circuit, of suitable time constant, on the guide 1 
waveform. A simple circuit which produces this 
result is shown in Fig. 7. This principle can be made 
use of in developing the single-valve drive circuit 
shown in Fig. 8. The pentode V: is normally biased 

to cut-off and in _ conse- 
—o + 250 




















quence its anode potential 
is that of the H.T.+ supply 
line. One guide signal is 
derived directly from a 
Bi Sad potential divider between 
Vs anode and the _ negative 
GuTHUT supply rail, and the other 
via an RC integrating cir- 
cuit. When a positive-going 
pulse is applied to Vi grid, 
the anode potential falls, 
rising again at the end 
of the pulse. Waveforms 
like those of Fig. 5B. are 
thus applied to the guides. 
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not producing square 
pulses, and it has_ been 
found that the _ general 
method shown in Fig. 7 can 
Ve be applied to a large 
variety of input waveforms 
with satisfactory results. 
For example, Fig. 9 shows a 
drive circuit employing a 
3 single cold-cathode trigger 








triode. When triggering 
pulses, shown in Fig. 5D, 
are applied, the anode 
potential waveform will be 














of the type shown in 
Fig. 5C. If this output 
waveform is applied to an 
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arrangement containing one directly-coupled circuit 
and one integrating circuit of small time constant, 
then outputs of the form shown in Fig. 5E will be 
obtained. Although these are very different from 
the ideal rectangular pulses of Fig. 5A, it will be 
seen that the voltages developed are still suitable for 
transferring the discharge. The only effect of the 
degradation of waveform is to reduce the time 
allowed on certain electrodes for the discharge to 
stabilize and, in consequence, there may be some 
reduction in the maximum obtainable speed. The 
circuit shown in Fig. 9 is particularly useful since, by 
appropriate choice of input circuit for the trigger 
triode, it can be made to operate on single sala, 
repeatedly on pulse trains or on step functions. 

The circuit shown in Fig. 8 has been found useful 
in frequency dividing arrangements for coupling 
between successive stages. Fig. 10 shows a double 
triode circuit which has been employed for a similar 
purpose. In this arrangement, both halves of the 
double triode are normally biased to cut-off. A 
positive-going pulse applied to the grid of Via pro- 
duces a negative rectangular pulse at Via anode, 
which is coupled to guide 1. At the end of the input 
pulse, Via anode potential rises: this causes Viz to 
pass anode current and so produces a pulse for 
guide 2 at Viz anode. By appropriate selection of 
time constants, the overlap of the pulses and the 
duration of the pulse applied to guide 2 can,be made 
satisfactory for high speed working. 

The circuit arrangements described above and 
illustrated by Figs. 6-10 represent, of course, only 
the beginning of the study which is being made of 
the problems involved. Many other control and 
driving circuits are possible, and it is hoped to deal 
with some of these in greater detail at a later date. 


Derivation of Outputs 


When the discharge rests on the single cathode 
which is connected to a separate base pin, the cur- 
rent flowing to that cathode will give rise to a 
potential difference across a series resistor in the 
cathode lead (see Fig. 2), so that it is possible to 
obtain an output pulse coincident with every tenth 
input cycle. The anode current is approximately 
200 microamps, so that resistors in the range 50-100 
kilohms will give output voltages of approximately 
10-20 volts. If larger cathode resistors are used in 
an attempt to get considerably greater output volt- 
ages, it is found that the large rise in potential at 
the single cathode when the discharge passes on to 
it is such as to interfere to some extent with satis- 
factory transfer. This may cause irregular operation, 
particularly at the higher operating speeds, and so 
a maximum output of 20 volts is recommended for 
ordinary use. Normally the cathode is at earth 
potential, but rises to +20 volts during the time the 
discharge rests on it. In some circuits it is more 
convenient to have the cathode at —20 volts while 
quiescent, rising to earth potential for the pulse 
period. This can easily be effected by the addition 
of a resistance from cathode to the negative supply 
rail, as shown in Fig. 11. ‘With this modification the 
control of subsequent control-grid or suppressor-grid 
gated stages (for example, in adding and calculating 
circuits) is extremely convenient, as it is then possible 
to earth the cathode of the controlled valve, the cut- 
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off bias normally required being inherent in the 
output arrangement of Fig. 11. 
Conclusions 


It will be apparent that the design of these tubes 
has evident flexibility in digital scaling and also that 
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in general terms the tubes are non-critical as regards 
operating conditions. An additional advantage is 
the possibility of adding or subtracting at will by 
reversal of the connexions to guides 1 and 2. 

_ A considerable future is envisaged for these tubes 
in view of the possibility of greatly increased 
operating speeds (20 kc/s. is certainly possible), the 
small size and low power consumption, the potentially 
very long life, and the reduction in ancillary valves 
and circuits in counting and computing work. 
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A Single Valve Magnetic Time Base 


T HERE have been a number of attempts to make 
a single valve time base for magnetic deflexion, 
but generally the circuits have some disadvantage. 
They need (i) a considerable amount of syne. 
voltage or power, or (ii) work valves on parts of 
their characteristics which may not be similar from 
valve to valve, or, much worse, (iii) subject valves 
to great strain where normally little strain exists, 
e.g., high grid current, or high voltage between 
electrodes. A magnetic time base with none of these 
faults and which, in addition, is extremely linear and 
economical has been developed and it has given 
satisfactory results as the frame time base in televi- 
sion receivers. 

The circuit shows it to be of the transitron type 
with feedback between anode and G1 for the purpose 
of linearising as in the Blumlein or Miller Integrator. 
As it is secondary current which is required to be 
linear the feedback path includes the time constant 
R2, C1 which is adjusted to correct for the distortion 
of the output transformer. If the anode load of the 
valve is too low, the current will be excessive for a 
given power output, while if it is too high the anode 
voltage will fall too far during the scan unless the 
H.T. supply is very high. An H.1T. supply of up to 
300 volts and an anode current of 5 mA has been 
found to be a good compromise and the valve is then 
well within the makers ratings, Va = 230 V ia = 
5 mA, Ve. = 230 V te = 3 mA, 

The output transformer has to present a rather 
higher impedance than usual and has a primary in- 
ductance of 90 henries, and a ratio of 20:1. The 
scanning coils are standard and have 500 turns on 
the frame windings. Due to the method of lineariz- 
ing, the output transformer can have cheap iron 
laminations and the output is almost unchanged from 
valve to valve. With the values given there is more 
than enough sweep amplitude to scan a 9 in. or 
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12 in. c.R.T. with 7 kV £.H.T. and a suitable ampli- 
tude control can be as shown. The components 
drawn dotted can be added to increase still further 
the efficiency of the circuit. 

The controls are somewhat interdependent which 
is unfortunate, but over reasonable limits can be 
considered independent. In practice, if different 
components to those shown are used, R2 may be 
adjusted to make the linearity good over most of the 
scan and R1 may be adjusted to make the first part 
of the trace linear. 

Negative syne. pulses may be applied to G3 for 
locking purposes, or other methods may be used. 
The Mazda 6F13 is shown in the diagram but, of 
course, almost any similar valve should be able to 
give satisfactory results and the ‘‘ normal’ sized 
valves would be even more within their ratings. 
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HE increasing use of electronic musical instru- 

ments makes it desirable to provide a means of 
accurately checking the constancy of tuning, 
especially where there are independent pitch 
generators. While, of course, tuning can be carried 
out by normal aural methods, there are some types 
of instrument in which a higher degree of accuracy 
is required. 

The Stroboconn provides a rapid means of 
ascertaining the exact frequency of any pitch note, 
and at the same time indicates the presence of 
harmonics which may exist in the note. It also 
indicates the departure from exact tune as a per- 
centage of the nearest semitone; this is read directly 
from a scale calibrated to 12 per cent of one- 
hundredth of a semitone. This degree of accuracy 
is about 25 times greater than any departure which 
can be detected by the most critical human ear. 


The tuning unit consists basically of a series of 
twelve rotating transparent disks, printed as shown 
above. Each disk carries seven rows of alternate 
light and dark segments, and each ring has twice 
the number of segments of the adjacent ring. Thus 
the compass of the instrument is 7 by 12 or 84 semi- 








Fig. 2. 
Fig |. Fork drive amplifier section 
Fork drive amplifier circuit 





oe . tones. This covers from 
31.772 to 4066.8 cycles per 
second. 





All of the 12 disks are per- 

: manently geared together and 
sockET driven by a common motor. 
Since the frequency ratio of 
successive semitones in the 
equally tempered scale is the 
twelfth root of two, it is 
impossible to gear the disks 
so as to obtain absolutely 
perfect intervals. However, by 
using two different gear ratios 
(89/84 and 107/101) it is 
possible to keep the maximum 
LOWER DRIVE error. to 12 per cent of one- 
COIL 5 «0 hundredth of a semitone, as 


stated. 
a a Siry Leow The motor driving the gear- 


box is supplied with power by 
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‘hice the drive amplifier, Fig. 1, in 
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which a variable frequency is 
derived from the adjustable 
tuning fork. This fork, made 40 
from one of the Invar classes re 
of steel, has an adjustable slid- 7 

ing weight on both tines. These 
weights can be moved by the 
control knob seen in Fig. 2, 
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and the adjustment provided INO 
alters the fork frequency by 

one semitone. The central ‘ 
position of the knob causes the 
fork to vibrate at 55 ¢c/s., and 
the frequency can be increased 
or decreased over the range 
mentioned by turning the 
knob in one direction or the 
other. I 
The Stroboscope neon tubes, ea 
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disk (Fig. 8) are energised 
from the flashing amplifier, 
Fig. 4. This circuit is fed 
from a crystal microphone, 
which causes the neon tubes 
(N2) to flash at a speed cor- 
responding to the pitch of the 
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note picked up by this micro- 








phone. When the disks rotate, 
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|MOTOR & GEARBOX | “ 
bands of light will appear in = eT 


one or more of the windows 

covering the disks. The funda- 

mental tone of the received sound will appear 
as a dark band nearest to the apex of one window, 
and the harmonics of the tone will appear as lighter 
bands in the same window, or perhaps in other 
windows as well (Fig. 5). 

Since each window is provided with an index show- 
ing the name of the note it represents, then if a 
pattern remains stationary in the appropriate 
window, that note is in tune to within 0.01 semitone. 
If the pattern drifts to the right, the tone is sharper; 
if to the left, flatter. By turning the fork control 





Flashing amplifier 








knob the pitch may be restored and the percentage 
departure noted. Thus, when tuning an instrument, 
the effect of getting into more correct tune can be 
observed very exactly. 

The foregoing explanation is based on the use of 
the key of C and, also, A = 440 c/s. For tuning 
in other keys, a transposing slide is provided which 
indicates the correct windows to be used for the key 
signature required. 

For tuning at some other frequency, say A = 435, 
it is only necessary to adjust the fork frequency so 
that the A(440) ring image is brought to a standstill 


Fig. 3 (left). 


Flashing amplifiers 
and disk drive unit 


Fig. 5 (right). 
Appearance of . 
relevant aperture 
when the microphone 
is picking up a note 
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at A = 435. The relative intervals for all other 
notes in the scale will then be correct. 

It is clear that in the case of many electronic 
musical instruments it will not be necessary or 
desirable to use the microphone to collect the sound, 
since this would pass on any harmonic distortion 
which might be present in the amplifiers or loud- 
speakers. In such cases, the signal outlet from the 
generators or mixing circuits may be directly con- 
nected to the input of the flashing amplifier. 
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This very ingenious device could profitably form 
an integral part of a comprehensive electronic 
musical instrument, since many of these are known 
to contain up to 200 independent frequency 
generators, and several have been made with more 
than 1,400. 

The author wishes to acknowledge the courtesy 
of C. G. Conn, Ltd., of Elkhart, Indiana, U.S.A., who 
invented and developed this device, for kindly permit- 
ting publication of the details. 


Delaying the Release of Relays 


by R. Townsend, B.Sc. (Eng.), A.M.1.E.E. 


HEN it is desired to delay the release of a 

relay more than about half a second it is not 
practicable to use a relay provided with a copper 
‘** slug,’’ and it is common practice to shunt the 
relay coil with a high capacitance, low voltage elec- 
trolytic capacitor, which discharges through the coil 
when the energising voltage is removed. It is pos- 
sible, under certain conditions, to increase the delay 
with a given relay and capacitor by inserting a resis- 
tor in series with the capacitor as shown in Fig. 1. 
As a resistor is a far smaller component than an 
electrolytic capacitor, both space and economic con- 
siderations merit the use of an optimum combina- 
tion of resistance and capacitance. In order to 
simplify the calculations the effect of the inductance 
of the relay has been neglected and it has been 
treated as a pure resistance. 

Referring again to Fig. 1, the working current 
of the relay = E/R1 = I. Let the release current 
= KI = KE/R1, where K is a fraction giving the 
ratio of the release current to the working current. 

When the switch S is opened the current flowing 
in the relay coil is given by 

t 





{= Ric Ro * © Rt+Re) 
At the moment of release 
. KE eee —_ 
'* ki a 
Ri 
whence t = C(R1 + R (1) 


2) loge cam +8" 
Differentiating to find the maximum value of t 

when R2 is varied 

2 i.) 

adR2 K(R1 + R2) 


which is zero when ¢ is a maximum. 





R1 
Thus log. K(R1 ~ R2) 
RE 
K(R1 + R2) * 
« > — a — eR) 9 
and R2 = Rl ok (2) 
Substituting this value in the equation for time 
delay we have 
Se APOE . 500s seers eshine (3) 


This may be compared with the time delay when 
no resistance is used which is 


te me 60. 2/K ..... 0020.05.05 (4) 


The increase of time delay obtained is shown by 

the ratio 

Ra ie 3 1 

to eK loge 1/K 

From Equation (2) 

R2 ret es eK 

Rl eK 
The factors 1/eK, R2/R1 and tix /t. are plotted in 
the curves of Fig. 2. From these can be found the 
time delay, the optimum resistance, and the increase 
in time delay obtained by the use of the resistance. 

The following conclusions may be drawn: 

(a) From Equation (2), if R2 is to be positive, K 
must be less than 1/e. In this case tr is 
increased as shown by Equation (3). 

(b) If K = 1/e, R2 becomes zero. 

(c) If K is greater than 1/e, R2 becomes negative, 
and therefore is of no practical significance, 
and no improvement in the delay time can be 
achieved by the use of a resistance. 

It is clear that in order to get the longest delay, K 
should be made as small as possible, by choosing a 
relay which has a considerable difference between its 
operate and release currents, and by working the 
relay with as high a current as is practicable from 
other considerations. 

Fig. | (inset). Circuit arrangement. 
Fig. 2. Curves relating circuit parameters and performance. 
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The Servograph - 


A New Electrical Graph Recorder 


F, omsed development which is of interest to all 
branches of the electrical engineering industry 
has recently been introduced by Fielden (Electronics) 
Ltd., of Manchester. In all sections of the light 
current engineering world light current indicators 
have found commonplace use, and modern improved 
magnetic alloys have made available a range of 
robust indicating instruments which will operate on 
the smallest current and which, as they consume 
only a very small amount of power, can be used in 
almost any circuit. Unfortunately, however, for 
many industrial and laboratory processes, an indica- 
tion is not sufficient and a graphical record is 
required. There are several well-known solutions to 
the problem, but most of the existing systems suffer 
from limitations, most of which are associated with 
the difficulty of operating a pen over a paper surface 
with the small power available from low current 
circuits. It is claimed that the new instrument 
overcomes these difficulties and provides a robust and 
accurate recorder which will operate in any circuit 
where an indicating instrument can be used. 

The instrument consists of a  servo-operated 
mechanism which is positionally controlled by a 
moving coil, moving iron or dynamometer move- 
ment. The indicator of the normal instrument is 
replaced by a light vane which acts as one plate of 
a variable capacitor, another similar vane, arranged 
to be turned by the servo mechanism, moves in the 
same are as the meter-operated vane, and the two 
are maintained at a constant spacing by an elec- 
tronic capacitance relay which controls the servo 
motor. The current to be measured has to provide 
only enough energy to deflect a normal indicating 
meter movement and the servo mechanism locates 
the pen arm with precision at the resting place of 
this movement. 

The equipment has been developed in rotary disk 
chart form and is available in several ranges of 
current and voltage. It is understood, however, that a 
further model providing a band chart is under 
development which will be available in due course. 

The capacitance relay employed consists of a valve 
oscillator in which the feed back circuit is arranged 
as a capacitance dividing network, of which the 
meter capacitor forms one arm and an internal pre- 
set capacitor another. When one capacitor is larger 
than the other the feed back is positive, and when 
one is smaller than the other the feed back is 
negative. The circuit is so arranged that it is in 
oscillation when the meter capacitor is the smaller, 
and any conditions which cause the meter-operated 
vane and the servo-operated vane to close up 
together put the circuit out of oscillation, __ 

The capacitance relay controls the direction of 
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rotation of the servo motor, which is suitably geared 
to the pen arm of the recorder, and to the servo- 
operated vane in the instrument. The whole 
arrangement thus provides a system which main- 
tains the two capacitor plates at constant spacing 
and where any electrostatic attraction between two 
vanes has no effect on calibration accuracy. 

To consider the equipment in operation: Let it 
be assumed that some increment in current. has 
changed the position of the indicating movement. If 
its movement is downwards its vane leaves the servo- 
operated vane, conversely, if its movement is 
upwards it moves up to and rests against the servo- 
operated vane. In either event the motor starts 
to rotate in one direction or the other, moving the 
servo vane to the new position. The circuit is so 
adjusted that when the two plates are positioned 
one-hundredth of an inch from one another the 
voltage present at the servo vane pulls the meter 
vane towards it, but in doing so switches off the 
oscillator and the electrostatic attraction. The 
meter vane starts to return to its original position, 
but in doing so switches on the oscillator, and the 
cycle is repeated. The result is that the meter vane 
is maintained in oscillation at several cycles per 
second in a very small arc of about a thousandth 
of an inch at its periphery and the servo vane 
remains stationary. The meter vane takes up a 
mean position slightly towards the servo vane, but 
this disturbance is constant over the whole scale and, 
consequently, does not affect calibration accuracy. 
The fact that the meter movement is in oscillation 
overcomes any tendency to pivot sticking, and the 
accuracy is equal to that of a movement which is 
being very gently tapped throughout the readings. 

An important feature of this new development is 
its stability. By arranging the capacitor plates in 
the vertical plane the circuit operates on a change 
of spacing of a capacitor with a very narrow gap, and 
the increment in capacitance is relatively large. This 
factor enables the equipment to be pre-set at the 
works, and external controls are unnecessary. It is 
interesting to note that any slight change in the per- 
formance of the capacitance relay due to valve ageing 
or renewal appears as a minute change in the 
operational distance of the capacitor gap, which, if 
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readable at all, would be taken up by the natural 
re-adjustment of the set zero on the pen of the graph 
recorder. The accuracy of the completed device is 
well within B.S.I. meter standard; in fact, it is just 
as good as the basic meter movement used for its 
construction. 

It will be obvious that this device is equally 
applicable to moving coil, moving iron, or dynamo- 
meter movements, and such developments are 
already in hand. It also opens up quite a new field 
of application in many branches of research and 
industry. Even on heavy current where, at present, 
moving coil recorders are used, this instrument offers 
considerable advantage, as it does away with light, 
flimsy pen movements with their attendant constant 
ink troubles. Further, all inaccuracies due to change 
in pen weight as the ink pot level changes are com- 
pletely eliminated. Another feature is the fact that 
owing to the servo-operated mechanism there is no 
tendency for the pen to stick, and vertical transients 
are recorded with accuracy. The instrument also 
offers a new equipment to the marine and aeronauti- 
cal world as it requires no levelling screws and will 
operate in any position under conditions of vibration. 

The equipment is operationally very similar to 


Wide-Band Amplifier Circuits 

HE anode circuit peaking coil is a well-known 

device in television amplifiers and by its use the 
drop in response at higher frequencies, due to stray 
capacitance present at the anode of the amplifier 
valve, may be largely offset. For most purposes the 
increase in bandwidth so obtained is sufficient. This 
is usually true in receiver circuits and very often so 
in transmitting equipment. 

The requirements, however, in transmitting, where 
so many amplifier stages may be employed in cascade, 
are, of course, particularly stringent and it sometimes 
happens that a circuit having better qualities than 
the single peaking coil circuit is called for. In these cir- 
cumstances a device to which it is convenient to turn is 
the so-called ‘‘ two-coil filter ” circuit. A circuit of 
this type is shown in the diagram and it will be seen 
that not only is there a peaking coil in the anode cir- 
cuit of the amplifier valve V1, but a further coil is 
included in the connexion between the anode of V1 
and the grid of the subsequent valve V2. By the 
appropriate choice of inductance values and suitable 
adjustment of the circuit capacitances a bandwidth 
may be obtained which is practically double that given 
by the simple peaking coil circuit. 

The two-coil circuit, however, suffers a certain dis- 
advantage as compared with the single coil circuit in 
its increased complexity. This disadvantage is most 
apparent when the circuit has to be set up, and prac- 
tical experience shows that setting up involves a long 
process of tedious and exacting measurement. 

The main difficulty of the setting up procedure 
arises from the necessity of two capacitance adjust- 
ments, namely the adjustment of capacitance asso- 
ciated with the anode of V1 and that associated with 
the grid of V2. Accordingly it is convenient to use 
for these capacitance adjustments not two separate 
capacitors but a single capacitor of special differen- 
tial type. This is shown in the diagram as the 
differential capacitor C. 
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quite a number of existing potentiometer recorders, 
but while it is only capable of reproducing meter 
accuracy, it does away with any need for maintain- 
ing a constant slide wire current, and will have the 
same long-term calibration stability as the indicating 
instrument. 


Another valuable feature is the fact that the 
instrument will be available not only as a graph 
recorder, but as a graph recorder controller. The 
servo-operated mechanism provides ample power for 
the operation of cam switches which can be set to 
operate at any level, and, for special applications, 
instruments will be available with several switching 
levels for performing a sequence of operations at any 
series of specific circuit values. Due to the instru- 
ment’s capability of responding. to the most minute 
change in current, it is capable of giving a control 
switching action on a differential of 0.1 per cent of 
scale reading which, in the case of a 0-50 microamp. 
movement allows a control switching action on 
0.05 microamp. 


The equipment described in this article forms the 
subject matter of several British and foreign pro- 
visional patents. 











, + 
v2 
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Actually the capacitor is such that the rotor portion 
is not limited to rotation through 180° as in the 
normal differential capacitor, but is mounted on a 
screw-thread arrangement so that continuous rotation 
of the rotor provides a differential capacitor of 
greater or lesser total capacitance for instance, by 
altering the overlap of the plates. By this or other 
suitable expedient it is ensured that successive rota- 
tions of the 180° cause the capacitance variations 
between rotor and stator to occur through a progres- 
sively increased or decreased range. As the range 
adjustment and differential adjustment thereby fall 
under a single control, the trimming capacitances of 
the circuit may be correctly set by this one control. 
If the other constants of the circuit are carefully cal- 
culated and adjusted to their required values 
individually (to aid in this respect the inductances 
should be of the air-cored variety), the whole circuit 
may be set up by progressive adjustment of the one 
capacitance control until the desired frequency 
response is obtained. 


—Communication from E.M.I., Ltd. 
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Microwave Lenses 


By J. BROWN, M.A., and S. S. D. JONES, M.A.* 


Part Il 


KNOWLEDGE of the simple theory of ordinary 

dielectrics is essential for a full understanding of 
the way in which a delay dielectric functions and so 
this article will commence with a brief account of 
this theory. All bodies contain both positive and 
negative electric charges and the principal difference 
between conductors and insulators is that in the 
former at least one of the kinds of charge (electrons 
in a metal, ions in an electrolyte) is free to move, 
whereas in an insulator both charges are more or less 
fixed. Under the action of an electric field, however, 
the charges in an insulator, of which dielectrics are 
special cases, are slightly displaced, the material thus 
becoming “‘ polarised.’”” The amount of this polarisa- 
tion or movement of charge is proportional to the 
strength of the electric field. This polarisation con- 
tributes to the electric displacement, a vector quantity 
D related to the electric field strength E by the 


equation 
|b ES! 3 ER ie aR aR ARE (12) 


where € is the permittivity of the dielectric in farads 
per metre (M.K.S. units are used throughout). It 
may be shown that the displacement D is also given 


by 
D = «E + NeB................. (13) 


where ¢ is the permittivity of free space, © is the 
polarisability of each molecule, and N is the number 
of molecules per cubic metre in the dielectric. A 
comparison of Equations 12 and 18 shows that the 
dielectric constant K (i.e., €/€) is given by 

K = 1 + Neje..:............... (14) 


Since @ is always positive, it follows that K always 
exceeds unity. A fuller account of the theory of 
dielectrics may be found in any of the standard text 
books.”” 

Winston E. Kock in his original paper on metallic 
delay dielectrics, suggested that the action of ordi- 
nary dielectrics might be reproduced at centimetric 
wavelengths by constructing a lattice of metallic ele- 
ments, which would act in a similar way to the mole- 
cules of the dielectric. The simplest structure which 
suggests itself for this purpose is a cubic lattice of 
perfectly conducting spheres of radius a and centre 
to centre spacing s. It may be shown that the 
polarisability of a single sphere is 

i EE, (15) 
and so from Equation 14 the dielectric constant of 
the delay structure is 

Sh ATE Re. (16) 
since the number of spheres per cubic metre is 1/s*. 


For such a structure the refractive index is not 
given by VK as would be supposed from Equation 3. 





* Radar Research and Development Establishment, Ministry of Supply. 


This is because the structure has a permeability 
different from unity, since there is a magnetic effect 
similar to the electric effect described above. The 
result of this distortion of the magnetic field is to 
make the refractive index 

nm = [(1+47a°/s°)(1—27a°/s°)}* ............. (17) 
It will be seen that n is therefore less than VK, an 
undesirable feature as the refractive index is thereby 
limited to values lower than those desired. Kock pro- 
posed that this limitation be removed by replacing 
the spheres by metallic disks of the same radius and 
lying in planes at right angles to the direction of pro- 
pagation. Such disks would distort the electric field 
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Fig. 7. Strip dielectric 


while leaving the magnetic field substantially un- 
altered. The dielectric constant of the disk structure 
will therefore exceed unity, but the permeability will 
be the same as for free space and so Equation 3 will 
once more apply. Disk structures have been con- 
structed and have shown the expected increase in 
refractive index. 

There are many applications for lenses in which 
operation with only one plane of polarisation is 
required. For such cases, another delay structure 
may be employed; this consists of continuous metal 
strips at right angles to the electric vector and lying 
in planes at right angles to the direction of propaga- 
tion as shown in Fig. 7. If the electric vector of an 
incident wave is parallel to the strips the structure 
will behave as an almost perfect reflector and might 
therefore be used as a polarisation filter, as all waves 
passing through it will have their electric vectors 
perpendicular to the strips. 

Kock has derived formule for the refractive indices 
of both disk and strip dielectrics by making use of 
Equation 14. Such formule are, however, only cor- 
rect if two conditions are satisfied : 

(1) The dimensions and spacings of the metallic 
elements must be small compared with the free-space 
wavelength at which the structure is used. 

(2) The elements must be sufficiently far apart for 
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the inter-action between adjacent elements to be 
negligible. 

If condition 1 is satisfied, the refractive index of 
the dielectric is independent of wavelength: the di- 
electric thus has a very large band-width. Condition 
2 is only satisfied for structures having comparatively 
small refractive indices; in the case of sphere and 
disk dielectrics Kock’s formule are only accurate for 
values of n up to 1.5 and for strip dielectrics for even 
smaller values oi n. As strip dielectrics are the most 
widely used, it is important to have an accurate for- 
mula for the refractive index. An alternative method 
of deriving the refractive index which takes into 
account the most important inter-actions is therefore 
outlined in the next section. 


‘ears 
ee 


Transmission line analogy for strip dielectric 








Fig. 8 (above). 


Fig. 9 (right). Refractive index of strip dielectric 


Theory of Strip Dielectrics 


The following theory"” is based on the analogy 
originally pointed out by Booker” between the propa- 
gation of plane waves and the propagation of waves 
on a transmission line. In the particular case shown 
in Fig. 7 where the perfectly conducting strips are 
assumed to be of infinite extent in the y-direction this 
analogy may be very simply derived. A wave of 
angular frequency © and free space wavelength 
and having the electric vector perpendicular to the 
direction of the strips, is propagated in the direction 
of the z-axis. The electric vector has therefore only 
the one component Ex and so perfectly conducting 
sheets may be inserted in the planes 2 = 0 and 

= d without anywhere distorting the field. These 
sheets form the conductors of an infinite strip trans- 
mission line of spacing d and characteristic impe- 
dance Z = Zd per unit width in the y-direction, where 
Zo is the characteristic impedance of free space (377 
ohms). Within the transmission line the strips form 
irises and Macfarlane“ has shown that the capacitance 
of each iris is 

C = (2/7) loge (cosee 7b / 2d) (18) 
The delay structure is therefore analogous to the 
loaded transmission line of Fig. 8 and from this ana- 
logy the refractive index may be calculated. The 
refractive index n is a function of the free space wave- 
length, but for wavelengths exceeding 10a it is virtu- 
ally constant and given by 
n° = 1 + (2d/7a) log. (cosec 7b/ 2d) ...... (19) 
The meanings of the dimensions a, b, d are clear from 
Fig. 7. The delay material is effectively opaque for 
frequencies above a certain value, this value being 
such that the wavelength within the material is 
2a. The way in which the refractive index of the 
strip dielectric varies with wavelength is shown in 
Fig. 9: the curve plotted in this figure is for a 
material designed to operate at 10 cms. and having 
the dimensions a = 0.64 cms., b = 1 mm., d = 1 cm. 
As the wavelength is decreased towards the cut-off 
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value, the refractive index i increases but remains finite 
even at the cut-off value. 


Equation 19 gives a wide choice of the constants 
a, b, d required to give any desired value of the refrac- 
tive index. There are, however, certain considerations 
which limit this choice and the preferred design pro- 
cedure is as follows: 

(1) Select a to be one-tenth of the smallest wave- 
length at which the material is to be used. 

(2) Choose a suitable gap width b as small as is 
practically convenient. 

(3) Evaluate b/a. 

(4) From Fig. 10 obtain the value of d/a necessary 
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to give the required value of refractive index with 
the above value of b/a. 


It is perfectly feasible to construct strip dielectrics 
having refractive indices of up to 15: such high values 
of refractive index are of little practical value for 
lens construction for reasons which will be seen later. 
It is unlikely that values exceeding 2 will be used at 
present. 


It should be noted that the theory given in this 
section is only accurate when the direction of propa- 
gation is in the direction of the z-axis (Fig. 7). For 
lenses having a plane outer face and a curved inner 
face, as studied in the previous article, this theory 
is sufficient, as all the ray paths through the Iens are 
in the required direction. If both lens surfaces are 
curved, however, the ray paths through the lens will 
not be ‘parallel to the lens axis: if the angle between 
the ray path and the lens axis is small, Equation 19 
may still be used for the refractive index, but as the 
angle increases the equation will cease to be valid. 
A full analysis has not yet been made, but it may be 
shown that in certain directions propagation is not 
possible, the wave then being’ exponentially 
attenuated. This implies that the corresponding 
incident wave will be totally reflected. In general, 
this variation of refractive index will only be of impor- 
tance when lenses are being designed to produce 
radiation patterns, other than pencil beams, e.g., 
consecant-squared patterns. 


Methods of Construction 


Delay lenses are usually constructed from thin in- 
sulating sheets, upon which are mounted the conduct- 
ing elements: these shéets are then spaced apart by 


light-weight insulators of thickness a and having a. 


Kock 


refractive index as nearly unity as possible. 
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used for the spacing material in his original lenses 
an expanded dielectric, ‘‘ Styrofoam,’’ made by the 
Dow Chemical Co. (U.S.A.). Similar materials are 
not available in quantity in this country and so 
recourse has been had to either ‘‘ Onazote,’’ an 
expanded ebonite produced by the Expanded Rubber 
Co., or ‘‘ Dufaylite,’”’” a paper honeycomb material 
made by Dufay-Chromex, Ltd. Although neither 
ebonite nor paper is a particularly good insulator at 
microwave frequencies, the cellular structure of both 
onazote and dufaylite makes their use in delay lenses 
a practical proposition. The transmission loss through 
these materials is, however, rather greater than for 
polystyrene foams (of which styrofoam is an 
example) as will be seen from Table 2. 


There are several ways of obtaining the sheets of 
conducting strips: the simplest is to spray zinc 
directly on to sheets of paper through a harp-like 
wire mask whose dimensions are such that the correct 
values of b and d are obtained. A similar method 


TABLE 2 
TRANSMISSION LOSS FOR VARIOUS SPACING MATERIALS 

















Material Loss in db. per ft. 
Dufaylite 0.53-0.83 
Onazote ... ies es eve ove eas 0.45 
Polystyrene Foam i ea aaa Re 0.07 
TABLE 3 
TRANSMISSION LOSS FOR COMPLETE ASSEMBLIES 
Assembly | Loss in db. per ft. 
Dufaylite interleaved with Metal- ieadene 
Paper ... ; mr eee 4.29 
Onazote sprayed with Zinc ... ‘ea Ge 1.72 


Onazote interleaved with ‘‘ Printed Circuit ’ 
Strips ae , ep wits 0.91 
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Dependence of refractive index on strip dimensions 
Fig. 11 (above). Experimental arrangement of delay lens 


Fig. 10 (left). 


Reproduced by permission of the Controller, H.M 


Crown copyright reserved. 
Stationery Office. 


is to spray directly on to the onazote layers which 
are to serve as the spacers. The most efficient 
system, however, is to use a “‘ printed circuit ” tech- 
nique to mount strips of aluminium or tin on thin 
paper or sheets of polythene. The transmission losses 
for these three assemblies are given in Table 3. It 
is unusual for a lens to be as much as a foot thick, 
so that the transmission loss through a complete 
lens assembly will be less than the figures given in 
Table 3: even so when the gain of the lens system 
is of primary importance as, for example, for lenses 
used as the aerial systems in repeater links, these 
losses are of such importance that only the combina- 
tion of printed circuit sheets with onazote spacers 
is likely to be used. For many laboratory applica- 
tions, however, the loss is not of any real importance 
and so any of the forms of construction may be used, 
the first two being often preferable on the grounds 
of simplicity. 


Mechanical Tolerances 


The generally accepted criterion for the mechanical 
accuracy of a microwave beam radiator is that the 
phase of the emerging wave be constant to within 
about 20°. In other words, the optical path length 
of each ray should be constant to within ». /16, where 
A. is the free space wavelength. 


If w is the thickness of a lens, then the phase 
retardation through the lens is 
@ = Wald = Wna/r............ (20) 
where A is the wavelength within the lens and equals 
Ao/n. The phase retardation of a wave travelling 
the same distance «x in free space is 


do = 27x | Xo risspaeperesatedse (21) 
The differential effect of the lens is therefore 
0 = $—$. = 2T(n—Ua) Yo oe... (22) 


If there is a small error 5x in the thickness of the 
lens, then the corresponding error in 9, obtained by 
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differentiating Equation 22 is 
860 = 27(n—1)8x/Av................ (23) 


Since the maximum permissible value of 5 is 27/16, 
it follows that the tolerance on the lens thickness is 


Be = Nef 8G6( 9) ...5..000-50s05,50 (24) 


For a lens with a refractive index of 1.7 and operating 
at 10 cms. the tolerance on the thickness is therefore 
approximately 9 mm. which may be met without 


difficulty. 


The tolerance on the refractive index, n, may be 
obtained by a similar method and is 


deny | | 7 ae ean ae mere (25) 


The tolerance on refractive index imposes tolerances 
ca the dimensions a, b, d, but it may be shown by 
a fuller analysis that provided the average values of 
these quantities are maintained, first order variations 
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in individual spacings produce only second order 
errors in the refractive index. 


It is therefore quite simple to construct delay 
lenses to the required degree of mechanical accuracy. 
With use, however, there is a tendency for the 
spacing layers to bow, thus causing quite considerable 
errors in the profile of the lens. The thickness of 
the lens is, however, not appreciably altered by such 
bowing, and by. an analysis similar to the above it 
may be shown that profile errors of this type do not 
cause a sufficiently great phase error to affect the 
lens performance. 


Experimental Results 


A simple experimental arrangement which may be 
used to examine the behaviour of a lens is shown in 
Fig. 11. The lens shown is made by the second 
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method described above, i.e., by spraying zinc 
directly on the onazote layers which form the spacers. 
The strip spacings and dimensions are those men- 
tioned in the section under the heading ‘‘ Theory of 
Strip Dielectrics,’ and the lens profile is calculated 
from Equation 10. The lens primary feed is a half- 
wave dipole and reflector situated at the focus. By 
finding the position of best focus, it is possible to 
deduce a value for the refractive index of the lens 
material. For the lens shown in Fig. 11, the 
measured value of refractive index is 1.71 for a wave- 
length of 10 cms., agreeing well with the theoretical 
value 1.70, from Equation 19°. From Fig. 9 it is 
seen that the cut-off wavelength should be almost 
exactly 3.0 cms.: in fact, measurements at 3.0 ems. 
show the lens to be virtually opaque. 

The radiation patterns from delay lenses are essen- 
tially as would be predicted from diffraction theory. 
The lens of Fig. 11, for example, has an aperture of 
60 cms., and so for a wavelength of 10 cms. and a 
uniform amplitude distribution across the aperture 
the theoretical beam-width to the half-power points 
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Fig. 12 (left). Radiation pattern of delay lens 


Fig! 13 (above). Lattice structure for rodded dielectric 





Fig. 14 (below). Transmission line analogy for rodded dielectric 
-—o— 2 
L L L L 





is 8. The measured value of 8.5° is slightly higher 
than this, because the amplitude distribution falls 
off towards the edges. 


The measured polar diagram of a horn with a 
correcting delay lens in its aperture is shown in 
Fig. 12: there is a single broad side-lobe (whose 
presence is not expected from diffraction theory) at 
a wide angle on each side of the main beam in the 
electric plane. These side-lobes are some 25 db. 
below the level of the main beam and so for most 
purposes are of no importance: they are, however, 
larger than the values permitted by the Ministry of 
Transport specification for civil marine radar. It is 
believed that these side-lobes are due to reflexion 
effects within the lens, but the exact mechanism 
which produces them is not fully understood. 


In general, all the properties of delay lenses which 
are predicted by theory have been observed within 
the limits of experimental error. The formula for 
the refractive index, Equation 19, has, in particular, 
been verified for wavelengths between 3 and 10 ems., 
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and for a wide range of values of the refractive index. 
This formula may be safely used for the design of 
delay dielectrics provided the procedure suggested at 
the end of section 2 on the theory of strip dielectrics 
is adhered to. 


Rodded Lenses 


The dielectric for rodded lenses is also a lattice 
structure, but the elements of the lattice are now 
perfectly conducting rods. The structure is shown in 
Fig. 13 and consists of rods lying in the direction 
of the a-axis, the direction of propagation being 
along the z-axis. It will only function as a dielectric 
if the electric vector is parallel to the rods and may 
be analysed in a similar way to the strip dielectric 
considered earlier. The transmission line analogy is 
found to be the inductively loaded line of Fig. 14, 
where the value of each inductance, L, may be 
obtained from Macfarlane’s results on wire grids.” 
It is apparent from the results of filter theory that 


Fig. 15. 
Refractive index 
of rodded 
dielectric 





Ao(ems) 


DIRECTION OF 


oe EMERG! 
P ~~ Fig. 16. 
D Experimental 
arrangement for 
HORN FEED. ™ 


measurement of 

refractive index 
whereas the loaded line of Fig. 9 is a low-pass cir- 
cuit, that of Fig. 14, is a band-pass circuit and does 
not therefore have a range of wavelengths for which 
the refractive index is constant, i.e., a rodded 
dielectric is dispersive. The refractive index (n) 
may be calculated from the equation 





PRISM 


Ao sin 27a / Xo (26) 
2d d loge d/[2Tr 


where a, d are the lattice spacings shown in Fig. 13, 
and r is the radius of the rods. Equation 26 is 
obtained by a straightforward analysis of the loaded 
transmission line. 

Unlike delay dielectrics, rodded dielectrics have 
refractive indices which are always less than unity. 
There is a wide choice of the parameters, a, d, r which 





cos 27an/o = cos 27a] Xo + 


.will combine to give any required refractive index 


at a given wavelength. The radius of the rods should 
be small compared with the wavelength and the 
spacings, and a suitable value for wavelengths in 
the region of 10 cms. is 1/16th inch. A convenient 
value of refractive index is 0.6 and this value is 


obtained at a wavelength of 10.7 cms. when a = 
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3.55 cms. and d = 3.90 cms. The variation of refrac- 
tive index with wavelength for a rodded dielectric 
having these values of a, d, r is shown in Fig. 15. 

Rodded lenses “** have only recently been suggested 
and little experimental evidence on their behaviour 
is yet available. Some preliminary experiments 
carried out with a prism constructed with the 
dimensions above, mainly with a view to checking 
the accuracy of the calculations of refractive 
index are of interest, however. A prism of this 
type was placed at the mouth of a horn as 
shown diagrammatically in Fig. 16. The deviation 
D undergone by a beam in passing through the prism 
was measured by noting the position of the maximum 
of the radiation pattern of the outer face of the prism. 
The refractive index was then calculated from the 
equation 


where P is the angle of the prism. The results for 
the range of wavelengths 10.0 to 11.5 cms. are shown 
in Fig. 17, together with the theoretical curve. The 
agreement is sufficiently good for all practical 
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The principal reason for the introduction of rodded 
dielectrics was to avoid the use of a spacing dielectric, 
the rods being sufficiently thick to require no support. 
The principal source of loss of delay dielectrics is thus 
avoided. A disadvantage of the rodded dielectric is 
the dependence of the refractive index on wave- 
length: as will be seen in the next article, this is 
also the case for metal plate lenses and a fuller dis- 
cussion will be given then. 


(To be continued) 
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LIVER HEAVISIDE, born May 18, 1850, at 55, 
King Street, Camden Town, London, was the 
youngest of four sons of Thomas Heaviside, a wood 


engraver. Heaviside only had an elementary schoo! 
education, but had a natural aptitude for learning. 
He taught himself to play the piano, and later an 
‘* Kolian’’, and by  self-training “acquired a 
remarkable skill in the application of mathematics 
to electro-dynamics.’” 

He left school in 1870 and then held a post as a 
telegraph operator in the service of the Great 
Northern Telegraph Co., Newcastle-on-Tyne, until 
1874. There is evidence, in a letter in the collection 
at the Institution of Electrical Engineers, that he 
visited Denmark about this time, and a statement 
made by Heaviside, that he observed phenomena 
relating to signalling through heterogeneous tele- 
graph circuits at Frederica, substantiates this 
evidence.* 

Between the years 1876 and 1889 he pursued his 
studies in a room in his father’s house in Camden 
Town. He conducted numerous experiments in tele- 
graphy with one of his brothers, who was a divisional 
engineer of the British Post Office at Newcastle. In 
1882 he was experimenting with microphones and 
carbon blocks, and in 1886 with the Wheatstone 
Bridge, as well as other measuring apparatus. 

In 1847 his mother’s sister, Emma West, had 
married Sir Charles Wheatstone, although so far as 
is known Wheatstone took no direct interest in 
shaping Heaviside’s career. On the other hand, 
Charles Heaviside, an elder brother, was employed 
in Wheatstone’s musical instrument shop at 128, Pall 
Mall, until he moved to Torquay to set up business 
there. In 1889 Charles Heaviside invited his parents 
and Oliver to make their home there. 
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Birth Centenary 
of 
Oliver Heaviside 


— May 18, 1950 


This short tribute to the work of Oliver Heaviside was 
compiled from notes supplied by Professor J. T, 
MacGregor-Morris, D.Sc.(Eng.)London, M.I.E.E., {who. 
through illness, was unable to write a full appreciation. 


The picture was reproduced by kind permission of the 
Institution of Electrical Engineers, from.a portrait in 
their possession. 


Heaviside’s work embraced many aspects of 
physics; he mainly devoted his mathematical genius 
to telephone transmission theory, but he was also 
interested in the problems of the age of the earth, 
thermo-electricity and electron motion. 

It has previously been stated that Heaviside had 
an aptitude for learning, and evidence of this is pro- 
vided by an article of his which appeared in the 
February 1873 issue of The Philosophical Magazine 
on the best arrangement of the Wheatstone Bridge 
for measuring resistance with a galvanometer and 
battery. Thus Heaviside must have mastered the 
Differential Calculus between leaving school and his 
twenty-third year. 

He had achieved a great mastery of mathe- 
matics during this time, developing new methods, 
of which his operational calculus is the best known. 
He also simplified and gave fresh impetus to the 
work on vector analysis originated by Gibbs. His 
contribution to the mathematics of the calculus was 
the use of “‘ an algebraic quantity (p) with the con- 
dition that p* signifies differentiating twice, p* 
differentiating three times and 1/p the operation of 
integration.” 

In the latter part of the nineteenth century, tele- 
graphy was not very far advanced, and telephony 
could be regarded as a recent development. Heavi- 
side made valuable contributions to the early litera- 
ture of telecommunication in both volumes of his 
Electrical Papers. His work embraced articles on 
the Wheatstone Bridge and similar measuring 
apparatus, telegraph signalling, the expansion of 
Thomson’s theory to include the effect of self-induc- 
tance in the wires, and some general electrical theory 
based on Maxwell’s work. 

When, in 1887, Hertz’s work on the discovery of 
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electric waves was published, Heaviside began to 
write numerous papers on electric wave propagation 
in the ether and along wires, dealing with the effects 
observed, including reflexion of the radio waves from 
any conducting obstacles (the principle of radar), 
and he devoted considerable attention to the reflexion 
caused by impedance irregularities or incorrect 
terminations, 

Heaviside propounded his theory of a conductive 
layer in the upper atmosphere in Electromagnetic 
Theory, Volume III, shortly after Kenelly in America 
made a similar suggestion. Following Appleton’s 
proof of the existence of this layer it was named the 
Kenelly-Heaviside Layer. 

Heaviside’s main contribution to telephony was his 
discovery of the benefits of loading by added induc- 
tance. He showed that when the four constants of 
the line—resistance, inductance, capacitance and 
leakance—were arranged so that RC = LG, all fre- 
quencies were equally attenuated and propagated at 
the same velocity. 

In 1891 the Royal Society elected Heaviside as a 
Fellow, as a recognition of his genius, although they 
failed to appreciate or understand his work. A paper 
which he sent to the Society was declined by Lord 
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Rayleigh. He wrote: ‘‘ Both our referees, while 
reporting favourably upon what they could under- 
stand, complain of the exceeding stiffness of you 
paper.” 

Heaviside’s mother died in 1894 and his father two 
years later. Heaviside then moved to Newton 
Abbot, where he lived alone until 1909. In 1905 
Heaviside was awarded the degree of Doctor of the 
University of G6éttingen. In 1908 he was elected as 
an honorary member of the Institution of Electrical 
Engineers, and in 1918 he was persuaded by Dr. 
Behrend to accept honorary membership of the 
American Institution of Electrical Engineers. When 
he was 50 years of age he accepted a Civil List pension 
of £120 a year from the Government. 

Latterly Heaviside was in poor health, and a Miss 
Way, a sister-in-law of his brother Charles, offered 
him accommodation in her house ‘“‘ Homefield ”’, in 
Torquay. Later Heaviside purchased this house. He 
died in a nursing home in Torquay on February 2, 
1925. 
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A New Flat 


NEW thin, flat plastic lens for enlarging the 
television image on home receivers is the latest 
accessory for television fans. It operates on the 
Fresnel principle of magnification and is known as 
the Magna-Screen. Weighing but a few pounds, it 
is easily attached to any type of receiver by means 
of brackets supplied with the lens. It is adjustable 
and can be quickly changed to give any desired 
degree of magnification within its scope. The Magna- 
Screen is free from edge distortion and provides 
glareless viewing at a reasonably wide angle. 
The lens operates on a prin- 
ciple similar to the Fresnel lens 
used in lighthouses. Its magni- 


i A PLEXIGLAS LENS 
fying power is based on the fact 



































Plastic Lens 


The magnifying element of the screen is formed 
from a sheet of thin plastic, into which hundreds of 
the prismatic grooves are pressed. In the assembly 
there is a green filter which eliminates glare, together 
with protective outer sheets of plastic (Plexiglas), 
the whole unit being sealed at the edges. When used 
with a 10-in. television tube, the image can be 
enlarged up to the size normally received on a 
16-in, diameter tube. 

Plastic lenses of this type are made by cutting 
ridges into a brass or other suitable metal 

mould, which is heated and 
pressed into the plastic sheet. 
The grooves are very fine in some 


COLOUR FILTER parts of the lens, running as high 
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which is viewed by the observer. 


—Radio Electronics, Jan., 1950. 
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Electronic 


gece application of electronics to ‘measurement 
and testing has both widened and deepened the 
range of useful measurement. Widened by the appli- 
cation of new devices in the electronic field where 
there is no corresponding existing electro-mechanical 
device, and deepened by the smallness of the cur- 
rents required by electronic devices compared with 
electro-magnetic or electro-mechanical devices. 

The total range is very great and in this article 
will be found a survey of the general effects and the 
devices using these effects, and a short account of 
some of their applications to measurements. 

Electronic instruments may be grouped into two 
general types; those using electronic devices auxi- 
liary to measuring instruments, such as amplifying 
valves and rectifiers, and those us:ng_ electronic 
devices directly as instruments, such as the C.R.T. 
and the stroboscope. 

The chart attempts a general form of classification 
of electronic devices used in measurement, where 
measurement is meant as quantitative, excluding 
qualitative or on-off indicators such as some count- 
ing devices, burglar alarms, checking articles on 
conveyor belts and other industrial applications. 

Electronic emission devices originated, of course, 
with the Fleming valve, then the de Forest triode 
and later multi-electrode valves. These are all 
thermionic, but later. extended to two cold-cathode 
classes: photo-electric, and impact in a rare gas dis- 
charge. All these sub-divisions of electronic emission 
valves have many applications in measurement, some 
in combination. 

Secondary emission is a phenomenon which is use- 
less and harmful in some cases and most useful in 
others. The original magnetic-controlled secondary 
emission tube is now largely replaced by the elec- 
trostatically-controlled tube with about ten stages 
and a stage gain of the order of 5 or 6, or alter- 
natively an output of 5 A per lumen incident light. 
Secondary - emission tubes then are_ essentially 
different in principle from those shown under (1) in 
the table, but their applications overlap, with, of 
course, the much higher amplification leading to 
increased sensitivity and range. 

Electron transfer is listed as (3) and generally 
involves conduction, either unilaterally as in all con- 


A Survey of the Field 
Measuring Instruments 
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tact rectifiers, or a gaseous condition produced by 
incident ionisation, shown as (4). 

Another device within the scope of this article is 
the ‘ electret,’’ discovered some years ago but not 
yet fully explored. Briefly it comprises a dielectric 
electrically strained, so that a permanent E.M.F. is 
produced, somewhat analogous to the permanent 
magnet. Possible uses include sources of low voltage 
and no current, but again the possibilities are wide. 

It is admitted that the chart reproduced is neither 
complete nor in a form to satisfy all readers. Many 
forms are possible with an entirely different layout, 
as several instruments are on the borderline of in- 
clusion and others could be added. 

Considered briefly, but in more detail than above, 
the various electronic effects can be discussed in 
relation to one another and to the classes of measur- 
ing instruments developed for practical use. 

There is, of course, intermingling between the 
groups; the measurement of distance by radio waves; 
radar, involving quite a lot of electronic devices in 
measurement, as well as others, such as gas-discharge 
switches, in the accessory equipment, but not in 
themselves strictly measuring instruments. Similarly 
with the measurement of ionizing radiations, not 
only is the ionization chamber and Geiger counter 
used but there may be associated thermionic or ionic 
valves as amplifiers, and p.£. cells as light integrators 
with fluorescent screens. Unilateral conduction is 
found in the rectifier instruments used as indicators. 

Electronic analysers, of which many types are now 
appearing, also form comprehensive stores of elec- 
tronic measuring devices of many kinds. Electronic 
counters and timers are similarly composed of various 
types of unit equipment. 


Applications 


Electrical measurements, and a number of non- 
electrical measurements made by electrical means, 
are usually made with indicating instruments. The 
types are well known, with the moving-coil type of 
widest application and the electrostatic type of 
limited but very useful application to circuits where 
no power is to be taken by the measurement. 
Improvements in magnetic materials have progres- 
sively lowered the minimum current for full-scale 
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| electrode) 


| Klystron (and reflex) 


| Magnetron, cavity | 


| 
| 


| Gas-filled relay | 
| 
| X-ray tube 
1.2: Light (photo-electric) | 
1.21 Photo-emissive Vacuum cell 
Gas-filled cell 
1.22 Photo-voltaic Rectifier cell (metal) 





| (barrier layer) | 
| Selenium cell | 
| 
|. 3: Impact (gas-discharge) | | 

1.31 Solid cathode Cold cathode diode | 


1.23 Photo-conductive 
| 


Cold cathode triode 





| Cold cathode tetrode 
Cold cathode multi- 
| electrode 
1.32 Liquid cathode | Cold cathode triode 
(Mercury) | 
| 
2. SECONDARY EMISSION | Multiplier tube 
| 
3. ELECTRON TRANSFER Metal rectifier (barrier | 
| _ layer 
| Crystal diode 
| Crystal triode | 
(‘ transistor ’) 


Unilateral conductivity 


| | 

4. CONDUCTION BY | | 

IONIZATION | lonization chamber 

(lon pair production) Geiger counter | 

| | 

5. ELECTRONIC DISPLACE. | | 
MENT 


Electrically strained semi- | Electret | 
conductor | 





Measurement of X-ray 


| High-speed light-flash 
| Trigger tube 


| High-speed light-flash 
| High-speed light-flash 
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EFFECT ELECTRONIC DEVICE APPLICATION MEASURING INSTRUMENT 
| or apparatus using the effect 
| 
I. ELECTRONIC EMISSION | | | 
from solid surfaces through | 
the action of :— | : 

1.1 : Heat (thermionic) | Valve diode | Rectifier Diode valve voltmeter 
Peak voltmeter, electrostatic 
| Valve triode (and multi- | Amplifier Valve voltmeter 


Amplifier incorporated in instru- 


Amplifier generally 
Cathode-ray oscillograph (ment 


Waveform, etc. 


Magnifier Electron-microscope 

Generator of U.H.F. Radar receiver, range, etc. 
c.W. 

Generator of  U.H.F. Radar transmitter, range, etc. 
pulses 


Relay for amplifier, etc. | Relay, counter, etc. 
Frequency measurement | Frequency meter 
Measurement of thickness | X-ray thickness gauge 





directly and indirectly parators, densitometers, re- 


Illumination generally, | | Photometers, including com- 
| 
flectometers, colorimeters 


intensity by fluor- | X-ray intensity meter 
escent screen | 


Voltage stabilization | Voltage reference source 
High-speed light-flash | High-speed camera 

Definite potential trigger | Counter or gauge 

Repetition stroboscope, high-power 
Ultrasonic depth sounder 


| Low-power stroboscope 

Instrument power supply 

Repetition stroboscope, mercury 
tube 


Voltage stabilization 





Amplifier for electron | Photometers, generally as 1.2 
emission current 


Rectifier | Rectifier instrument 
Rectifier U.H.F. rectifier instrument 
Amplifier Amplifier for instrument 


| 
| 
Measurement of ne a» p y and X-ray dose, dose- 


and other ionizing rate and intensity meters and 
radiations detectors 


Provision of D.C. .£.M.F. 


| 
| 











deflexion and now miniature pivoted instruments of 
5 HA range are marketed. As voltmeters this cor- 
responds to 200 k2 per volt, a remarkably high 
figure, but still much too low for some applications. 
Here the thermionic valve finds application in two 
ways; first as a rectifier and second as an amplifier. 
As a diode rectifier it now has less commercial 
application due to developments in metal rectifiers, 
but as an amplifier it is invaluable and by its aid 
valve voltmeters of megohms instead of ohms resis- 
tance are available. The application is not simple; 


due to the fact that valve characteristics are non- 
linear the measured current may be proportional to 
mean, R.M.S. or peak value, and the value may wary 
from range to range, and even over the scale. 
Many such voltmeters are scaled “ volts,’’ with 
no reference to whether peak, R.M.s. or mean. Others 
are marked “‘R.M.s.’’ but are dependent on waveform 
as they actually read peak volts, being calibrated 
R.M.S. assuming sinusoidal waveform. For correct 
use it is necessary to know what is actually being 
measured, and if it is independent of waveform. 
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Valve voltmeter (anode type) 


Valve voltmeter (grid leak type) 














APPLIED VOLTS ~ 


Valve voltmeters are commonly suitable up to a 
few Mc/s. For higher frequencies it is necessary to 
mount the valve in a probe or other terminal unit 
where it can be connected to the u.F, circuit with the 
minimum of circuit alteration to minimise changes 
in conditions due to instrument capacitance and 
inductance. 

The electrostatic peak voltmeter should be con- 
sidered here. Although the indicating instrument 
is electrostatic and not moving-coil, the rectifier used 
is thermionic—but may possibly be replaced by a 
non-thermionic rectifier. The valve is solely a recti- 
fier and its purpose is to charge a capacitor to the 
peak voltage of the circuit, with either polarity as 
connected. The capacitor has an electrostatic volt- 
meter in parallel with it so that the peak voltage is 
read directly and free from any waveform error. By 
reversing the polarity of the rectifier either half of 
an A.c. wave may be measured. It is also possible 
to extend the instrument to read the ripple on a 
smoothed unidirectional supply by the use of two 
rectifiers in a suitable circuit. 


O-— 4. 
letrontatic| 








Diode peak voltmeter Electrostatic peak voltmeter 


An extension of the simple valve amplifier is in 
the amplifier embodying one or more valves coupled 
so that part of the output is fed back to the input 
in reverse, thus considerably improving stability at 
the expense of some gain. This is negative feedback 
and is of wide application both to measurements and 
electrical processes generally. 

Aithough the amplifier itself is not a measuring 
instrument, its application to many types of measur- 
ing instrument is so wide that it may properly be 
considered here. While a simple amplifier embodies 
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a triode, it is commoner to use a pentode or a com- 
bination of valves in cascade for any practicable 
degree of amplification required, the practical limit 
being due only to circuit and valve imperfections. 

Measurements of very small displacements are 
accomplished by employing two electrodes between 
which the displacement is to be measured and elec- 
tronically measuring the very small change of 
capacitance by any suitable means. 

Other methods include change of inductance by 
varying a coil airgap, and change of resistance by 
compression or tension, as in the strain gauge. For 
cyclic variations a transducer may be used in which 
an E.M.F. is generated and subsequently measured. 
The piezo-electric pick-up is an’ example. 

Another adaptation of the basic thermionic valve 
is to the measurement of acceleration. One electrode 
is rigidly mounted, as usual, and another flexibly 
mounted so that it will swing or vibrate when the 
valve is subjected to sudden motion. Thus a change 
of capacitance, or of the control effect of a grid, 
causes changes in current in the circuit which may 
be made proportional to sudden movement or 
acceleration. 

Commercial measurement of acidity and alkalinity, 
or pH measurement, is now carried out on a large 
scale by a measurement of E.M.F., using a half-cell, 
with some form of electronic amplifier as an indicator, 
either reading by deflexion or as a null method for 
precision use. 





Potentiometer-type pH meter 
(Courtesy G.E.C., Ltd.) 


Among the_ electronic measuring instruments of 
the “‘ direct ”’ type, the cathode-ray tube used in the 
cathode-ray cuiianioe is supreme and of nearly 
universal use. Its main advantages over the earlier 
electro-magnetic type are two; much higher frequency 
response and very high impedance requiring prac- 
tically no power from the circuit on test. In the 
table the application shown is to the measurement 
of waveform, but this is only one of a wide range 
of measurements. Due to its universal scope it is 
well known and no attempt is made here to mention 
any of its other multitudinous functions. 

Also developed from the cathode-ray tube is the 
electron microscope, again using an electronic beam 
directly on a fluorescent screen. While the optical 
microscope has a magnifying limit of 1,000-2,000 
times the electron microscope is now available with 
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magnifications up to about 150,000 times. This also 
is a complete subject covered by various books and 
other publications. 

The usual construction of thermionic valve is suit- 
able for high frequencies up to Mc/s., but for ultra- 
high frequencies of the order of kMc/s. a different 
construction is necessary due to the time of travel of 
the electrons. Two forms are now available, one the 
klystron and the other the reflex klystron for generat- 
ing ultra-high frequency continuous waves, mainly 
of low power for use as a local oscillator in a U.H.F. 
receiver. 

The other type is the cavity magnetron developed 
during the war and supreme as a U.H.F. pulse 
generator of high peak power. 

The application of these two electronic and ther- 
mionic devices to measurement is seen in the practice 
of radar, or radio-location, whereby measurement of 
distance or range is made. This is a direct form of 
measurement, while that of bearing and elevation 
may be considered an indirect measurement by null 
methods, such as the adjustment of the aerials tc 
the position of equal signals. 

Following the thermionic vacuum valve is the 
thermionic gas-filled valve, the main difference in 
effect being that the gas-filled valve has a grid contro] 
for starting or increasing anode current, but once 
started or triggered the grid is unable to control the 
current; it may therefore be considered a _non- 
reversible action, an anode voltage change being 
necessary to change anode current again. 

In general, greater currents can be handled by 
these valves and the device is often termed a gas- 
filled relay as it may operate direct in a control 
circuit instead of via an electro-magnetic relay as 
is usually necessary for a single stage of vacuum- 
valve amplification. But the scope is wider than 
just that of extra current rating and is chiefly con- 
cerned with the grid-start, anode-stop characteristic. 
Applications are to counters, etc., with a fairly wide 
scope of measurements generally, in conjunction with 
other devices. 

A further measuring device in this class is the 
X-ray thickness gauge, where in a given material 
absorption is proportional to thickness. Such 
measurements may also be made with Y rays pro- 
duced by radium and its compounds, and by artifi- 
cially radio-activated substances. While the appli- 
cations are similar, the two sources do not fit into 
the table in this place. 

The photo-electric effect has long been known, but 
only in recent years has it been so widely adopted 
in commercial measurements apart from laboratory 
use. Vacuum and gas-filled photo-emissive cells have 
characteristics rendering one type better for any 
particular purpose; generally it may be stated that 
vacuum cells are more accurate quantitatively, but 
gas-filled cells have a larger output. 

Spectral sensitivity may be mainly in the ultra- 
violet, visible light or infra-red radiation, depending 
on the metal used in the cell and the material of 
the envelope. 

Before dealing in more detail with these cells the 
other types should also be considered, as their uses 
overlap. These include the metal rectifier cell, also 
known as the berrier-layer type, which exhibits the 
photo-voltaic effect, so-called because the output is 
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self-generated and unlike that of the other two types 
which require a source of D.C. E.M.F. applied. 
Considering photo-cells in more detail, the early 
work was mainly due to Elster and Geitel, who made 
vacuum photo-emissive cells, particularly with 
sodium and potassium cathodes, but the type includes 
cathodes of pure metals, alkalis and alkali-hydride, 
as well as combinations of these. One photometric 
unit comprises a photo-cell and an electrometer-triode 
in one envelope. An illustration of this tube appears 
at the heading of this article. (Photo. by courtesy of 
G.E.C. Ltd.). Thus a degree of amplification is 





























Osram photo-cell unit, comprising P.E. cell, electrometer-triode, 
and grid resistor, in one envelope, shown in elementary circuit for 
battery operation 


obtained with a minimum of apparatus. Photo- 
voltaic cells were first used commercially with copper- 
oxide cells, shortly after the application of the 
copper-oxide rectifier to instruments. 

Similarly the selenium rectifier was followed by the 
selenium photo-cell and both types are in active use, 
each with its own advantages and disadvantages, 
including slightly different spectral response. The 
output is such that many pocket photometers are on 
the market consisting merely of a metal photo-cell 
and a microammeter in a small case. 

All these instruments have application in photo- 
metric measurements, using the term in its widest 
sense, and including picture transmission and sound 
recording on film. 

Finally, although not latest in time, is the photo- 
conductive type, in which a selenium cell acts as a 
resistance which is varied by the application of light, 
the greater the light incident on the cell the lower 
the resistance. This action is quite different from 
that of the photo-voltaic selenium cell. 

The selenium photo-conductive cell requires a D.c. 
supply and its applications were originally to such 
photometric uses as picture facsimile and telegraphy 
and the recording of sound as light on film. It was 
in the early days used in television trials, but it is 
now completely ousted from that field. 

In addition to the above devices using electronic 
emission for photometric purposes, the multiplier 
tube, under (2), should be considered here. 

Following the thermionic valves, a new series of 
valves has appeared, mainly differing in the fact that 
a cold cathode instead of a hot cathode is used. Early 
valves of this class had solid cathodes, but a more 
recent development employs a liquid cathode. Where 
such a valve can replace a thermionic valve in the 
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required characteristics it obviously has the great 
advantage of requiring no heating current and being 
instantly ready for use. 

Electrodes vary from two upwards and the uses 
in measurement may be seen from the table. For 
many measurements a constant voltage is a neces- 
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sity for some devices and the cold-cathode diode has 
a useful field here. In the Mullard 85al voltage 
reference tube the short-term stability is within 
0.1 per cent, and double this over long periods. It 
may in some instances replace a standard cell as a 
source of constant voltage for measurement. The 
multi-electrode tube has a somewhat similar applica- 
tion as it may be used to provide stabilization of 
the voltage used in a measuring instrument against 
supply mains fluctuations. These tubes are largely 
neon-filled. Other fillings, such as mercury, are used 
for other measurement purposes, such as the liquid- 
cathode mercury tube used for speed measurement 
stroboscopically. Other applications to counters are 
obvious. 

The phenomenon of secondary emission is asso- 
ciated with many electronic tubes, particularly in 
photometry, where it has already been mentioned. 

The next group of electronic effects (3), electronic 
transfer, is perhaps not altogether distinguishable 
from vacuum and gaseous devices, where electronic 
transfer takes place also. It is here considered as 
transfer between solid surfaces, in the case of recti- 
fiers. Copper oxide and selenium rectifiers have long 
been used for measurement; self-contained rectifier 
instruments were developed by the author in 1928. 
They have the advantage over other a.c. types of 
requiring less power from the circuit, but on the 
other hand the rectifier having a non-linear charac- 
teristic, may affect the circuit conditions if of low 
power, and as the instrument reads the mean rectified 
value, but is almost always calibrated in R.M.s. units, 
it necessarily has a waveform error. The crystal 
diode is used in some ultra-high frequency measure- 
ments as a separate adjunct to a moving-coil instru- 
ment and a very high frequency range made possible. 

An electronic device of the greatest importance 
has been developed in more recent years. In the 
early days of radio the crystal rectifier was widely 
used. It was, of course, ousted by the more stable 
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valve diode which, with the addition of a third elec- 
trode, the grid, produced the present multi-electrode, 
multi-purpose series of valves as amplifiers and 
cscillators. The new development is the addition of 
a third electrode to an improved type of crystal 
detector, using germanium as the crystal, which has 
also produced an amplifier having enormous possi- 
bilities, some similar to those for the cold- 
cathode valve. The “ transistor ’’ is necessarily very 
small, which is of great help in_miniaturizing 
apparatus for modern requirements. This also leads 
to low capacitance and ultra-high frequency response. 
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“* Transistor "’ crystal triode 


There is thus some replacing of thermionic devices 
both by cold-cathode tubes and by the “ transistor,’’ 
both of these having considerably longer life and 
absence of need for filament current. 

Conduction by ionization, or ion pair production, 
is not a new phenomenon, and is now fairly widely 
used in the measurement of all ionizing radiations, 
including «, 2, Y and X-ray measurements. Two 
general types of ionization chamber are common, one 
which is self-contained and the other which is con- 
tinuously charged by connexion to the circuit. In 
each case the incidence of radiation increases the con- 
ductivity of the residual gas between the electrodes, 
this being measured by some suitable means such as 
an electrometer-triode and p.c. amplifier. 

Two types of instrument are possible with the 
above basic foundation. In one a resistor is used 
in the grid circuit, and a dose-rate meter results, 
the pointer deflexion varying with intensity of 
radiation. In the-other type a grid capacitor is used 
and the charge is thereby integrated and the instru- 


D.C. amplifier with negative feedback, as used with ionization meter 
Switched to resistance for dose-rate 
Switched to capacitance for dose 
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Universal ionization chamber for ~% 8,Y and X-rays, approx. 506 c.c. 
( Courtesy Baldwin Instrument Co.) 


ment reading continuously increases and reads pro- 
portional to X-ray dose. 

Ionization chambers have different characteristics, 
depending on the applied voltage. At low voltages, 
below about 200, no amplification takes place and 
the true ionization chamber results. External ampli- 
fication is then necessary. At higher voltages, up 
to about 800, the curve of voltage and amplification 
increases, and proportional counters result. Over a 
much higher voltage range, about 1,100 to 1,300 very 
high amplification results and the Geiger counter, 
with amplification exceeding 10° and generally with 
a relay and a counter, provides audible and/or visual 
indication. Many of these instruments are being 
produced for prospecting for radium ores, and they 
are also of use for finding lost radium containers in 
hospitals, ete. A still later development is for civil 
defence purposes. 

The phenomenon of electronic displacement, as 
exemplified in the “ electret,”’ is the least known of 
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any, and although it is known that such units are 
electrically-strained dipo!es showing a permanent 
polarity and a D.c. E.M.F., little practical use has 
yet been made, in the author’s knowledge. It is 
possible that a most useful source of D.c. of no power 
output may result, with application to instruments 
of various sorts. 

Acknowledgment is made to R. C. Walker, B.Sc., 
A.M.LE.E., A.M.I.Mech.E. (G.E.C., Ltd.),  L. 
Atkinson (Ferranti, Ltd.), and G. Syke, Dipl. Ing., 
A.M.I.E.E. (Baldwin Instrument Co., Ltd.), for 


advice on various points in their special fields. 


Gamma radiation detector 
(Courtesy Baldwin Instrument Co.) 











Flat Sub-Miniature Valves 


INCE 1947, when Mullard Electronic Products, 

Ltd.. received an order for 400,000 sub-miniature 
valves for the National Health Hearing Aid, 
Medresco, development work has been directed 
mainly towards reduction in size 
and power consumption. The 
accompanying photograph and 
figures show that the effort has 
been rewarded. 

The new flat sub-miniature 
valves are the smallest of their 
class in the world, and it is ex- 
pected that they will compete on 
very favourable terms’ with 
American types in the world 
market. 

Having filament currents of 
only 15 milliamperes as against 
25 milliamperes for the Mullard 
10-mm. _ types, these new 
valves make possible the develop- 
ment of complete Monopack 
Hearing Aids weighing less than 
5 oz.; providing a useful life of 
between 36 and 60 hours before 
replacement of the L.T. battery 





is necessary, depending on the type of cell used. 


Despite the reduction in size and the saving of 
filament current, the performance of these new 
British sub-miniatures is actually better than that 
of the larger 10-mm. types. This 
is mainly due to improvements in 
the design of the filament and 
grid systems. 

The two valves at present avail- 
able are the voltage amplifier 
pentode pr66 and the output 
pentode pL66. Both are designed 
for use with a 22.5 volt H.T. bat- 
tery, and are characterised by 
freedom from microphony. Using: 
_ a 22.5 volt u.t. battery, the pF66 
~ will give a voltage gain of about 
30 db per stage. This represents 
an increase of one or two db on the 
equivalent 10-mm. valves. The 
DL66 will give an output of 
approximately 2.5 mW at no more 
than 10 per cent distortion. This 
is sufficient to meet the demands 
of 70 per cent of the hearing aids. 
at present being manufactured. 
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Determination of 


Gramophone Pick-up Tracking Weights 


By E. S. MALLETT, B.Sc.(Hons). 


HE heavy gramophone pick-ups which were 

» almost universal some years ago are now fast 
disappearing. The use of massive armatures and 
needles, and the excessive stiffness of the armature 
movements of the older pick-ups, necessitated a high 
“tracking weight ” to keep the needle in intimate 
contact with the record groove. 

The new “ lightweight ’’ pick-ups, with reduced 
armatures and more compliant movements, require 
far less weight, but the determination of the 
tracking weight is still carried out by hit-and-miss 
methods. The usual method is to test the pick-up 
on a record cut with a large amplitude at a fre- 
quency of about 500 c/s., but this has the disadvan- 
tage that the measurements give no guide to the 
tracking of the pick-up when playing music. 

In an effort to eliminate this disadvantage, various 
workers have employed tests based on the relative 
peak amplitudes of music over the audio-frequency 
range,’ but this is unnecessary. The suitability of a 
given tracking weight is independent of the type of 
music or of the recording frequency response, and 
depends only on various mechanical constants of the 
pick-up and record. 


Method of Recording 


Modern commercial gramophone records are 
recorded by the lateral-cut process; but care has to be 
taken that over-modulation does not occur; that is, 
the groove must be cut so that the reproducing 
needle in the pick-up is able to follow con- 
tinuously the original excursions of the tip of 





Fig.! 
A horizontal cross- 
section of a record 
groove showing (a) 
the shape of the 
cutting stylus, and 
(b) the inability of 


the reproducing 

needle to follow the 

y excursion made by 
the cutting stylus if 

x radius over-modu- 








lation is present 





the cutter. There are two types of over-modula- 
tion: (a) amplitude over-modulation, which is 
caused by two adjacent grooves running into one 
another; and (b) radius over-modulation, which is 
caused by the cutting stylus (which is shaped like 
a nerves i wedge—(ain Fig. 1), making a groove 
modulation of a smaller radius of curvature than 
the radius of the reproducing needle, which has a 
tip of approximately spherical shape (b in Fig. 1). 
The former defect is obvious even to the naked eye 
and is easily prevented. On the other hand, radius 
over-modulation is difficult to detect and appears to 
have been almost completely ignored in the record- 
ing industry. 


Tracking Weight and Mechanical Impedance 


A diagram of a reproducing needle resting in a 
groove is shown in Fig, 2. The groove is assumed 
to have a 90° included angle, the bottom being 
rounded off with a radius smaller than that of the 
needle-tip. Owing to the mechanical impedance of 
the needle assembly of the pick-up, a horizontal 





Fig. 2 
A vertical cross-section 
of a reproducing di 


resting ina record groove F 














force F acts on the tip of the needle as it follows a 
modulated groove. If the tip is to remain in the 
groove a vertical force W equal to or greater than F 
must be exerted; this force W is called the tracking 
weight. 

In Fig. 3 is shown a cross-section of a typical 
moving-iron pick-up. The mechanical elements 
which affect the frequency response and impedance 
to lateral motion are as follows: 


Cs, the compliance of the needle and record 
material. 

C., the compliance of the armature movement 
formed in this case by the rubber bearing 
and rubber pad. 

Ms, the effective mass of the needle and arma- 
ture assembly. 

Mp», the effective mass of the pick-up head and 
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In order to simplify the calculations, it is pre- 
ferable to refer all these constants to one point, 
usually the needle point. The compliances, measured 
in dyne-cm., are normally measured at the needle 
tip, but the masses must be corrected. 

It can be shown that the effective mass at the 
needle tip is given by 


M=I1/?T 

where I is the moment of inertia (gm.-cm.’) of the 
member about its axis of rotation, and | is the dis- 
tance (cm.) between the axis of rotation and the 
needle tip.” 

It is simpler to convert all mechanical elements, etc., 
to their electrical analogues, which are shown in 
Table 1. 














Table | 
Mechanical | Electrical Elec- , Elec- 
Element (Symbol Unit Analogue | trical | trical 
| | | | Symbol | Unit 
I. I 
———] ceases | Pears: (Pikes EOL Re eee 
Force F dyne Electro- | E Volt 
1 | motive 
force 
Displacement} y cm. Charge Q Coulomb 
Velocity ey cm./sec. Current ! Amp. 
Acceleration | y cm./sec.® | o — | _ 
Mass M gm. | Inductance L | Henry 
Compliance Cc cm./dyne | Capacitance Cc | Farad 
Resistance R dyne/cm./ | Resistance R Ohm 
sec. 
Impedance Z dyne/cm./ | Impedance y | Ohm 
sec, } 











The equivalent electrical circuit of the pick-up of 


4 Ma Fig. 4 
I i The equivalent elec- 
be trical circuit of the 
F Cu Ca Mp pick-up shown in 


hs 7: T Fig. 3 


Fig. 3 is shown in Fig. 4. From Ohm’s Law, the 
mechanical impedance is given by 





Z=F/y dyne-cm. /sec. 

The frequency response, which depends on the 
relative velocities of the end of the armature in the 
magnetic air gap and the tip of the needle, is given 
by y:/y. 

Three resonances occur in this circuit. Two 
resonances present a high impedance to the record 
groove and also cause a peak in the frequency 
response, namely: 

fi = 1/27V MvC, and fs = 1/27 V Mia 
and one resonance which presents a low impedance 
to the record and does not affect the frequency 
response, 
fe _ 1/27V MC, 


Fig. 5 shows a graph of impedance against fre- 
quency for a pick-up to be discussed later. In this 
figure the diagonal straight lines represent the 
mechanical impedance of the separate elements, and 
where two lines cross a resonance occurs. The 
impedance would become infinite or zero at these 
frequencies were it not for the resistive damping 
which is always present, usually by _ intention. 
Resonances fi: and fs should be adjusted so that they 
are outside the recorded range. 
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FREQUENCY (C/S) 


Forces Dependent on Amplitude and Radius of Modulation 
Between frequencies fi and f: it will be seen from 
Fig. 5 that the impedance presented to the record 
groove by the needle is due to Ca; that is, the move- 
ment of the armature and needle assembly is ‘‘ com- 
pliance-controlled,” or, as it is usually called, 
** stiffness-controlled ”’ (stiffness being the reciprocal 
of compliance). Therefore between fi: and f: the 
maximum force required to move the needle tip is 
given by 
Fmax = ymax | Ca avn aee ad téeeneypeeaeaeeates (1) 
The maximum amplitude which may be cut on a 
record is fixed by the “land” between adjacent 
grooves. This land is .010 cm. on present commer- 
cial records, and assuming that the adjacent groove 
has a very small modulation, it is possible to record 
an amplitude of this value, as is indeed done in 
practice. 

It should be noted that the expression for F is 
independent of frequency, so that the maximum 
force presented to the groove by the needle between 
fi and fs is independent of the recording frequency 
characteristic, being decided only by the mechanical 
constants of the pick-up and record. 

Between the frequencies f: and fs the movement 
is ‘* mass-controlled,’’ and 

F = M.(d’y/dt’) = Muy 
but d*y/dt’ = V*(d’y/ da’) 
where V is the circumferential velocity of the record 
past the needle-point. Substituting (3) in (2), we 
have: 

Finax = M.V*(d'y / dx*)max Pa cieWinte are Nake Mae (4) 


Now the ‘radius of curvature of a function y=/(x) 


is given by 
fi + (dy/de)]* 


p= 
d’y | dx’ 
and the minimum radius of curvature by 
Puin = 1/ (d’y/ dax*)max Oe eee eee (5) 


Let us assume that P’min = 2r, where Pp’ is the radius 
of curvature perpendicular to either groove wall, 
and r is the radius of the needle tip, then the 
radius of curvature of the locus of the centre 
of the spherical needle tip will be 3r for one wall 
and r for the other wall. Then from (5), (d’y/ da’) max 
perpendicular to the groove walls will be 1/8r and 
i/r. Resolving horizontally, 

(d°z / dx") max = (1 / r 1/ Br) / V2 
ee FL Ny) eek eee (6) 
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From (6) and (4), 


1M.V° 
Finax = ae eee PTT TTT ITT TTT Te 7 
3V2r ( ) 
The circumferential velocity is given by V = R®, 


where R is the radius of the record groove (i.e., the 
distance in cm. between the centre of the record and 
the needle point), and 2 is the angular velocity of 
the record in radians per second. Therefore 
1iM.R*2’ 
3V2r 
gives the force between needle and record when the 
system is mass-controlled. 

It might be thought that because Fax is propor- 
tional to R, the maximum tracking weight would 
be obtained when R is a maximum. This deduction 
assumes that the mean level of recording is reduced 
as the pick-up travels from the outside to the inside 
of the record, but as the mean level must be con- 
stant the maximum tracking weight is given by 
Equation (8) when R is a minimum. 

Further interesting equations can be obtained from 
Equation (7). 
lf y = ymax cos t, then 


Fmex = 
max —_ 


eS ee | 

and | amas RK? Susi bccn es eseewe (10) 

Substituting for Yunax = Fiax/M. from (7), we have 
‘ 4V* 

Bn eeeeeee (11) 


8V2 YT Ymax 

and substituting in (9): 
AV ymax 
8V2r 

These equations give the maximum velocity of cut 
which can be obtained with the mechanical constants 
given, and the frequency at which it occurs. 
Pinch Effect 

Owing to the fact that the cutter is triangular- 
shaped whereas the reproducing needle is spherical, 
a vertical component of force is produced which is 
known as the “ pinch effect.’? This force raises the 
needle twice for each horizontal wavelength so that 
the vertical frequency is twice that of the horizontal. 

The equivalent electrical circuit of the pick-up for 
vertical motion is the same, although the circuit 
constants are different. 

The vertical amplitude is given by’ 


Ymax” = 





ry” , 
z= ive F sit cindy e eek hes iaben (13) 

Substituting Equation (12) in Equation (13): 
atk MUMNRT I eo oO Da eo (14) 


The vertical acceleration may be obtained in a 
similar manner to Equation (6) by resolving verti- 


cally, 
(dz / dx’) max = 2/3V2r 
Therefore 
_ 2V° - 
zmax >= =] MU kn bubs a cueceunease cee 5 
3Ver 1/23 (15 


Below 600 c/s. (the horizontal ‘“ turn-over ”’ fre- 
quency being 300 c/s.) the vertical amplitude is 
inversely proportional to the square of the frequency, 
so that the pinch effect quickly becomes negligible 
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as the frequency is decreased. The maximum 
vertical frequency is twice that of the maximum 
horizontal frequency. As with the horizontal case, 
fi and fs should be adjusted so as to be outside the 
recorded range. 
Illustrative Example 

Let us assume the following constants for a com- 
mercial record and needle: 

Ymax = 0.010 cm. 
r = 0.0075 cm. (0.003 in.) 
2 = 27 x 78/60 rad./sec. (78 r.p.m.) 
This gives 
Vinin = RQ = 40 cm. / sec. 

at the inside of a record, R being 5 cm. 

Then Equation (1) becomes: 

(Fmax): = 0.010/ Ca dynes, 
and Equation (7) becomes: 
(Fimax): = 0.20 x 10° Ma dynes, 

From (10) and (11) fo = 714 ¢/s. 
and ymax = 44.8 cm./sec. 

For the pick-up, assume the following constants: 

For Horizontal Motion For Vertical Motion 

fi 15 c/s. fi’ =40 c/s. 

fz=2,500 c/s. f =9,000 c/s. 

fs= 20,000 c/s. fs’ =40,000 c/s. 

C.=1.2 x 10-* em. / dyne C’.=0.17 x 10-" em. / dyne 
M.=8.0x 10-* gm. M’.=2.0x 10-* gm. 
The working range of this pick-up is taken as 30 
to 10,000 c/s., i.e., tracking weight calculations will 
apply only on records cut within this frequency 
range. 

From the formulae already given, the tracking 
weights are found to be: 


Below fp, F: = 8.5 gm. 
Above fe, F.= 0.6 gm. 
Below 7’, Fs = 10.0 gm. 
Above f:, Fs: = 0.2 gm. 


The total minimum tracking weight is the sum of 
these forces, i.e., 19.3 gm. The actual working 
tracking weight would be adjusted to be hetween 
20 and 25 gm. 

Conclusions 

The previous analysis has shown that, given 
certain assumptions, the tracking weight required 
for a given pick-up and the type of recording is 
determined by six mechanical constants. Unfor- 
tunately, the vast majority of the pick-ups at present 
available to the public fail to comply with these 
assumptions, namely, that none of the resonances 
come within the recorded range. The resonances 
which are most frequently at fault are fs and f,’. 

Moreover, even should the pick-up be free from 
fault in these respects, there is the other side to the 
problem, namely, that most commercial records are 
radius over-modulated to a considerable extent. 
This over-modulation accelerates wear of needle and 
record, and causes the ‘‘ needle buzz ’’ which is so 
distressing a feature of many modern records. 
1A. L. Williams, “‘ Further Improvements in Lightweight Record Repro- 
ducers, and Theoretical Considerations entering into their Design,” Jour. 
S.M.P.E., 33, Angust, 1939, p. 203. 


*L. Fleming, ‘‘ Notes on Phonograph Pick-ups for Lateral-cut Records,’” 
Jour. A.S.A., 12, January, 1941, p. 366. 
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Transmission Monitoring 


By H. B. RANTZEN, 
B.Sc., M.1.E.E. 


A. R. RENDALL, 
and Ph.D., M.I.E.E. 


(Engineering Designs Department, B.B.C.) 


HEORETICALLY, it should be possible to 

measure the distortion or disturbances that occur 
in a programme transmission chain by opposing 
equal samples of the input and output signals and 
observing any resultant out-of-balance component. 
One of the major obstacles in such an arrangement 
is, of course, the difficulty of anti-phasing the two 
signals with sufficient accuracy over the required 
frequency range. In the B.B.C’s transmission chains, 
which are often of a complex nature involving many 
transmission units, the phasing difficulty arises in 
an acute form, and consequently the more recent 
B.B.C. development work in this field has been 
directed towards systems that oppose specialised D.c. 
signals derived from the programme signals. Since 


























the apparatus for this system is suitable for simple 
transmission chains as well as for more complex 
circuits, it is probable that it will be adopted for 
universal B.B.C. use and that little or no further 
attention will be given to systems which oppose the 
a.c. signals directly. 

Nevertheless, some of the ideas for a monitoring 
system using direct anti-phasing which have been 
examined during the course of this development work 
may still be of value and interest, especially where 
phasing problems do not arise with great force. These 
ideas are best explained by the specific examples 
which follow. 

Suppose there are a number of outputs of a com- 
mon programme which have to be monitored by 
either human or automatic means. It would, of 
course, be possible to monitor the outputs sequen- 
tially, but the period over which each one is 
observed would then be discontinuous. Fig. 1 shows 
an arrangement for monitoring an odd number of 





outputs simultaneously. Each signal is taken to a 
winding of a transformer: windings 1, 2, 3 and 4 are 
paired in opposition, and the 5th remains unopposed. 
If the signals are adjusted so that they are equal in 
magnitude, the only output which will normally be 
effective is the 5th one. If, however, any disturb- 
ance occurs in any of the others, such as noise, over- 
load or frequency distortion, it will appear in the 
common output as strongly as. if only one output 
existed. If all the outputs had been in parallel, then 
it is quite clear that a disturbance in any one of 
them would have shown a proportionately smaller 
effect in the common output. 

If the disturbance occurs in a part of the cham 
common to two opposed outputs, then of course the 


disturbances also will cancel. | However, this dis- 
advantage can be obviated by choosing the input of 
such a common chain as one of the outputs to be 
monitored. Fig. 2 shows this arrangement applied 
to a common programme input equipment and two 
transmitters, T: and T:. If a defect occurs in the 
programme input equipment, or in 7: or T:, it is 
shown up in the common output. In this particular 
example, outputs 1 and 2 are opposed and output 3 
is unopposed. If the number of outputs is even, then 
one suitable extra output can be added in order to 
make the total number of outputs odd. 

In some particular radio-frequency applications it 
may be desirable to phase the outputs. For example, 
Fig. 3 shows three outputs spaced at 90° in phase. 
It is clear that the resultant of the three outputs will 
be equal to one of them, and that any disturbance 
in any one of them will appear in the output at full 
strength relative to the signal output. For a greater 
number of sources it might be desirable to phase the 
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outputs at different angles, APPARATUS UNDER TEST 
| and this can often be done ra oe 2 OER 
where the signal is borne '!N a Et — 
on a carrier. But this 
method is not really prac- 


ticable for audio-frequency 
signals because of the 
difficulties in designing net- 
works that will introduce 
any desired phase over 
several octaves. 

The opposition principle 
can be utilised where the 
performance of a piece of 
appartus is to be checked 
automatically. Fig. 4 illus- 
trates an arrangement for 








Fig. 3. doing this. Signals propor- 
Three output signals tional to the input ’ and 
with a phase spacing output are opposed in a 


transformer, the output of 
which is fed though an 
amplifier, B, whose gain is controlled by the magni- 
tude of one of the source signals. Suppose that over 
a limited range of volume the gain of this ampli- 
fier B is equal to G divided by V, where G 
is some constant associated with the amplifier 
and V is the signal volume; then the output 
of the amplifier over that particular volume 
range will be independent of the input volume 
Suppose now that the source output 2 con- 
tains some spurious voltage 4V: this will appear as 
AV at the output of the transformer 3 and as 4V x 
G/V at output 4. Thus the spurious output at 4 is 
independent of the actual volume of the programme 
and could, of course, be used to perform an auto- 
matic monitoring function. 

Where a particular distortion characteristic is to 
be measured, the amplifier supplying windings 1 and 
2 in Fig. 4 may be designed so as to increase the in- 
tensity of the spurious signal relative to that of the 
normal programme. Thus, where noise is to be 


of 90° 


AMPLIFIER 
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Fig. 4. 
Illustrating the opposition principle for automatically checking 
the performance of a piece of apparatus 


monitored, for example, the amplifier may be 
arranged to have high gain for signals of low volume 
and decreasing gain for signals of higher volume. 
Any noise in one of the sources feeding windings 1 
and 2 will then cause a disproportionately large out- 
put at 4, and the sensitivity of the monitoring 
equipment is thereby increased. 

The application of these methods of monitoring is 
limited in practice by the precision with which the 
magnitude and phase of the signals to be compared 
can be adjusted to the desired degree of equality over 
the required frequency range. The problem can 
often be eased by reducing the sensitivity of the 
apparatus at the extreme ends of the frequency range, 
where phase and amplitude difficulties are likely to 
be encountered. There are some applications, how- 
ever, where the propagation characteristics of the 
chains to be compared are very similar, and in these 
applications the realisation of the principles may be 
fairly simple. 





The Omegatron 


The omegatron is the most recent development at 
the American National Bureau of Standards in 
the realm of atomic instrumentation. Basically a 
miniature cyclotron, the omegatron was developed by 
J. A. Hipple, H. Sommer and H. A. Thomas, and 
has already made significant contributions in two 
fields: (1) It makes possible measurement of the 
numerical value of the faraday with exceedingly high 
precision. For the first time the faraday is being 
evalued directly by physical methods—all previous 
faraday measurements have been electrochemical. 
(2) The value of the nuclear magneton may now be 
determined very precisely, so that the ratio of the 
mass of the electron to the mass of the proton will be 
known with greater precision than ever before. 

Since the faraday was defined as a unit of quantity 
of electricity, many attempts have been made over 
a period of 100 years to determine its precise value, 
but only now with the development of the omegatron 
has an independent physical determination been 
possible. There is a discrepancy between the two best 
previous determinations—with the iodine voltameter 


and with the silver voltameter. This inconsistency 
has been distressing to scientists engaged in revising 
the tables of atomic constants, since the faraday is 
i key component of these tables. 

The functioning of the omegatron can be explained 
in terms of a single physical law. If a charged particle 
is moving in a uniform magnetic field it will trace out a 
circular path. The angular velocity, , of the particle 
about the centre of the circular path is given by the 
so-called cyclotron equation « = eB/M, where e/M 
is the charge-to-mass ratio of the particle, and B is 
the magnetic flux density. In the cyclotron this pro- 
perty makes it possible to accelerate charged particles 
to extremely high velocities. In the omegatron, how- 
ever, it is used to discriminate between particles of 
different masses: heavier particles will have a lower 
angular velocity. Measurement of the angular velo- 
city, “, with the aid of accurate frequency standards 
and measurement of B by means of nuclear resonance 
methods provide an absolute determination of e/M in 
terms of the magnetic field strength and the cyclo- 
tron frequency alone. 


—National Bureau of Standards, March, 1950. 
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Audio Generator 
(Illustrated below) 

HE type H.I Audio Frequency 

Generator covers the audio-fre- 
quency range between the limits of 
15 c/s. and 50,000 c/s., with low distor- 
tion (less than | per cent at 1,000 c/s.) 
and constant level over the full range. 
This coverage is achieved by using a 
bridge - type resistance - capacitance 
oscillator with three switched ranges. 
It incorporates a stabilizing circuit and is 
followed by two stages of amplification 
with heavy negative feedback. 

The continuous and step potentio- 
meters give a variation from 200mV to 
20V on sine wave, or 400mV to 40V on 
square wave at an accuracy of plus or 
minus Idb. 

Advance Components, Ltd., 
Back Road, Shernhall Street, 
London, E.17, 








Universal Bridge 
(Illustrated right) 


HE Universal Bridge is a_ self- 
contained 50 c/s. bridge having eight 

directly calibrated resistance ranges 
covering 0.5 ohms to 50 megohms, eight 
directly calibrated capacitance ranges 
covering from 5pF to 50uF, and four 
inductance ranges from 50 mH to 500 H. 

Other features are phase balance 
control and a flashing neon for capacitor 
leakage testing. The valve voltmeter 
feeding the panel movement is provided 
with a variable sensitivity control so 
that balance sensitivity can be varied to 
suit the measurement under  con- 
sideration. 

Two other new exhibits were the 
Testmeter, Type ‘‘ W,’’ having in all 
some 80 ranges of measurement, and the 
Precision Valve Voltmeter with a 5 in. 
mirror scale in which special precau- 
tions have been taken to maintain a high 
degree of accuracy and stability. 

The Automatic Coil Winder 

and Electrical Equipment Co., Ltd., 
Winder House, Douglas Street, 
Londen, S.W.'. 


Avimo 35 mm. I6 in. Electronically 
Controlled Self-loading Drum 
Camera 

HE camera unit consists of a 16 in. 
diameter drum mounted in a suit- 
ably designed main casting with the film 
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THE PHYSICAL SOCIETY'S _ 
. EXHIBITION 


; Aselection of some of the more interesting exhibits of new 
research items and electronic equipment at the Physical 
 Society’s 34th Exhibition held at Imperial Col 





e, South 


is Kensington, London, from the 3!st March to the 5th April. 


wound round the periphery of the 
drum. When one strip is exposed, the 
drum is automaticaliy reloaded, and 
with the film capacity of 100 ft. plus an 
8 ft. leader and trailer, approximately 
24 exposures of 50 in. length are 
possible. 

A 4.5 in. f/1.9 lens is fitted, which is 
adjustable to suit different applications, 
and a reflex focusing system ensures 
correct positioning of the lens. A com- 
mutator system is incorporated to 
ensure the correct relationship between 
the camera drum and cathode-ray tube 
trace. There are no controls on the 
camera, as these are centralized on the 
electronic control unit. 

The main features are: a form of 
electronic speed control to vary the 
speed of the drum giving a maximum 
speed of 3,000 in./sec. approximately; 
operation of the rewind mechanism after 
exposure and the electronic control of 
the beam of the cathode-ray tube, the 
trace of which is being recorded. 

Avimo, Ltd., 
Taunton, Somerset. 





Magnetic Field Strength Meter 
T* Magnetic Field Strength Meter 


employs the ‘‘Hall’’ effect in 
germanium. 

A small flake of germanium 4 in. by 
jy in. by 0.015 in. thick was shown 
mounted in a probe, thus being capab!e 
of exploring and measuring field 
strengths in very small gaps. 

The range of the instrument is 
between 0 and 25,000 gauss, in three 
ranges, obtained from direct readings on 
a micro-ammeter. 

The British Thomson-Houston Co., Ltd., 
Rugby. 


Wide Range Capacitance Bridge 


Ts Bridge has been designed as an 
accurate instrument capable of low 
capacitance measurement. The capaci- 
tance range is from 0.1 pF to 100uF, the 
first reading being 0.005 pF, whilst the 
resistance range is calibrated from | ohm 
to 30,000 megohms. This wide range is 
covered in 18 overlapping stages, each 
having an accuracy of + | per cent of the 
full scale. Both the resistance and 
capacitance ranges are calibrated on 
slow-motion dials having 50:1 step- 
down ratio, thus enabling a'very fine 
balance to be obtained. Balance is 
indicated by a dual electron ray tube. 
The operating frequency of the bridge 
is 1,592 c/s. (giving w= 10,000). 


Square Wave and Pulse Generator 


HIS instrument’s main application is 

in the checking the frequency 
response of amplifiers of all types. The 
generator will provide a square wave 
|: | mark-space ratio, top and bottom 
flat +1 per cent over the frequency 
range 5 c/s. to 250 kc/s. Coarse and 
fine frequency controls are provided. 
The output voltage is also variable from 
5mV to 5V in six stages. An output 
control calibrated to within +-3 per cent 
covers each step of the range. 

The Pulse Unit consists of four delay 
lines of different lengths, which may be 
selected by a switch. When the 
generator is used in conjunction with 
this unit, a pulse output waveform is 
obtained, the pulses being 0.05, 0.1, 0.2 
or 0.3 microseconds at amplitudes up 
to 5V. 

Cinema Television, Ltd., 
Worsley Bridge Road, 
Lower Sydenham, 
London, S$ E.26. 


Vibrating Reed Electrometer 


B hee instrument is a replacement for 
most forms of valve electrometer, as 
it has a greatly improved zero stability 
as compared with other types. It con- 
sists of two units—the head amplifier 
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and the main amplifier. These are con- 
nected by cables which may be up to 
125 feet in length. The applied D.C. is 
converted to A.C. by means of a 
vibrating capacitor, and the A.C. is 
amplified and then rectified. Stability is 
maintained by the application of negative 
feedback. 

Direct indication of the voltage or 
current being measured is given on a 
34 in. meter and simultaneously a 
recorded and/or a process controller 
may be operated. The instrument has 
been designed expressly for ionization 
current measurements. 

Of particular interest at the Ekco 
stand was the radio-active thickness 
gauge (illustrated below), which utilizes 
the effect of absorption of radio-active 
particles and rays in materials. It is 
particularly suitable for gauging the 
thickness of materials where physical 
contact is undesirable. 

E. K. Cole, Ltd., 


Electronics Division, 
Malmesbury, Wilts. 





Distortion Factor Meter, Type 700C 
(Illustrated top centre) 


_ Saad cen Type 700B, this 
instrument has a much wider fre- 
quency range, and the operation has 
been considerably simplified. Total 
harmonic distortion of 0.1 per cent to 
50 per cent can be directly measured in 
an A.F. signal in the frequency range 
20 c/s. to 20 kc/s. Measurement is of 
the ratio of the square root of the sum 
of the squares of all harmonics to the 
amplitude of the input tone. A tuned 
R.C. rejector circuit calibrated directly 
in frequency separates the fundamental 
from the harmonics, the harmonic 
voltage being compared with a fraction 
of the input voltage by means of a 
resistive potentiometer calibrated in 
percentage distortion. The indicator is 
a high gain amplifier and rectifier volt- 
mecer. The harmonic percentage is 
read directly from the calibrated dial 
and multiplier. The amplifier and volt- 
meter have a _ response extending 
beyond 100 kc/s., enabling the fifth 
harmonic of 20 ke/s. to be included in 
the measurement. An input attenuator 
enables the meter to accommodate 
signals ranging in power level from 
| milliwatt to 2 watts. 
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Two other new 
produced by this firm were the Sound 


developments 


Level Meter, Type 1400C, and the 

Strobotuner, which is an_ electronic 

apparatus for accurate tuning of musical 
instruments. 

Dawe Instruments, Ltd., 

130, Uxbridge Road, 

Hanwell, London, W.7. 


Laboratory Valve Voltmeter 
(Illustrated below) 


THe new Model 26 Laboratory Valve 
Voltmeter has a high standard of 
accuracy with ranges of from 0.2V to 
250V on both A.C. and D.C., with an 
upper frequency of 200 megacycles. It 
measures resistance from 500 ohms up 
to 500 megohms in four overlapping 
ranges: 0 to 500,000 ohms, 0 to 5 
megohms, 0 to 50 megohms, and 0 to 500 
megohms. It also measures variation in 
power level over a range of from —30 
to 2 db., the reference level being 100 
milliwatts in 600 ohms. 

A feature of the instrument is its 
B.S.S. Grade | accuracy. Stability on 
A.C. is within 0.8 per cent in 24 hours 
after warming up, and on D.C. within 
0.7 per cent. 

Other new exhibits by the same firm 
were the Dynatherm Surface Tempera- 
ture Meter, the Self-Monitoring Electro- 
meter and the ‘‘ Chronotron ’’ Model 
25C Millisecond Meter. 

Electronic Instruments, Ltd., 
17, Paradise Road, 
Richmond, Surrey. 





Aerial Recording Magnetometer 


HE instrument is a total force 
variometer which records, on a con- 
tinuous writing record, variations in 
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the earth’s total magnetic force. 
Developed for geophysical surveying by 
air, it is designed with a view to easy 
installation in an aircraft, and comprises 
the following components: detector 
head, graphic recorder, metering unit, 
orientor unit, battery box, and power 
unit. 

The mechanical arrangement of the 
orienting gimbals of the detector head 
has been designed to avoid gimbal lock 
at low magnetic latitudes. 

Elliott Brothers (London) Ltd., 
Century Works, Lewisham, 
London, S.E.13. 


High-Speed Recording Cathode-Ray 
Tube 


Ye tube has been developed for the 
photographic recording of high-speed 
transients when surge testing trans- 
formers, and is the result of an endeavour 
to overcome the problems which have 
arisen in using a continuously evacuated 
surge oscilloscope. The 6-in. diameter 
tube has electrostatic deflexion and 
magnetic focusing. With the final anode 
voltage at I5kV the writing speed is of 
the order of 3,000km. per second, 
without reduction in image. 

This firm also showed new precision 
potentiometers which are toroidally 
wound, and have an accuracy of 15 
minutes. 

Ferranti, Ltd., 
Hollinwood, Lancs. 


A Precision Radio Control System 


b pe system was developed on behalf 
of the Royal Aircraft Establishment 
and is designed to control high-speed 
aircraft under test. Another application 
is the transmission of accurate data by 
radio or two-wire lines. 

Seven remote servo-units may be 
independently controlled and one of 
these may be replaced by a multi- 
position switch. 

The transmitter shaft positions are 
conveyed as phases relative to a refer- 
ence phase of a low-frequency tone. 
These phase-shifted outputs are used to 
phase-modulate eight sub-carriers which 
may be conveyed by a two-wire line, or 
used to modulate a radio transmitter. 

The servo system may be classified as 
Continuously Rotatable Position Con- 
trol, with a 3-stage torque regulation. 

The overall accuracy for radio trans- 
mission is better than +14° in 360°. 

The measurement of magnetic field by 
Hall effect in Germanium was another 
exhibit on this stand, and is a simple, 
self-contained apparatus. 

The Research Laboratories, 
The General Electric Co., Ltd., 
Wembley, Middx. 


F.M./A.M. Signal Generator, 
Type TP948 


HIS is an instrument suitable for 
tropical use and designed to provide 
R.F. signals over the range 20-80 Mc/s. 
in two bands. The output may be 
unmodulated, sinewave frequency 
modulated, or sinewave or squarewave 
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amplitude modulated either internally 
or externally. The effective scale length 
is over 14 feet and a dual-crystal fre- 
quency checking circuit is incorporated 
which includes a_ built-in amplifier 
complete with miniature loudspeaker as 
audio beat detector. 

The basic R.F. level is monitored by 
one of two panel meters; two calibrated 
attenuators in cascade are used to set up 
the output voltage, which may be varied 
from InV to 0.1V at an output impedance 
of 75Q. Also available are a high output 
of IV R.M.S. and low outputs down to 
O.IuV at 7.52. 

The internal modulation oscillator 
provides four fixed frequencies of 
300 c/s., | ke/s., 1.6 ke/s. and 3 ke/s. 
When externally modulated, an internal 
limiting device provides, if required, 
squarewave modulation from a sinewave 
input voltage. The F.M. deviation (up 
to 300 kc/s. on the lower carrier band 
and up to 600 kc/s. on the higher band) 
or the A.M. depth (0-80 per cent) are 
read from the second panel meter. 

Marconi Instruments Ltd., 
St. Albans, Herts. 


Muirhead-Pametrada Wave 
Analyser D-894-A 
tT Analyser is of the degenerative 
feedback type, with resistance 
capacitance tuning, and one of its 
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features is that a constant selectivity is 
obtained at all tune frequencies. Tuning 
is from 19-21,000 c/s. in three decade 
bands (with overlap), each band being 
subdivided into three. The main tuning 
control is a 72-stud rotary switch 
covering the range 19-88 c/s. in steps of 
| c/s. to which may be added 60 or 
120 c/s., the correct frequency being 
indicated by a shutter mechanism. In 
addition, a fine control gives 0.2 c/s. to 
obtain intermediate readings. 

To facilitate tuning to a signal of 
slightly variable frequency a band-pass 
control is available, giving 3 per cent or 


10 per cent ‘‘flat tops’’ at all 
frequencies. 
An input attenuator enables a 


maximum input of ICV to be used. The 
meter normally reads average values, but 
can be switched to read peak values 
below or above average if required. For 
oscilloscope work the output is brought 
out to terminals, and phone jacks are 
provided. The output voltage is the 
same frequency as the input, and not 
the intermediate frequency, as with 
heterodyne analysers. 

At maximum selectivity setting the 
total effective Q is 80. The accuracy of 
the frequency setting is $ per cent, and 
the frequency response is constant within 
+2 db over the whole range. 

Muirhead & Co., Ltd., 
Elmers End, 
Beckenham, Kent. 


Valve Impedance Test Gear 


HE Valve Impedance Test Gear is a 

new instrument for the accurate 
measurement of the input and output 
capacitance and damping resistance of 
thermionic valves under given operating 
conditions. The gear operates on a 
similar principle to the conventional 
Q meter; it consists of an oscillator 
feeding a tuned circuit, which includes 
the valve under test, across which is 
connected a bridge-type, high-frequency 
valve voltmeter. It is different from the 
Q meter in that the power developed in 
the tuned circuit is varied by means of a 
piston attenuator so that the voltage is 
adjusted to a pre-determined value. 
The frequency range is 10-150 Mc/s., and 
the voltage applied to the valve under 
test is 50mV R.M.S. 

The system employed has two main 
advantages in that the accuracy of 
measurement is mainly determined by 
the piston attenuator which may be 
made to a high degree of precision. 

Another new piece of equipment 
exhibited by this firm was the F.M. 
Signal Generator—Type E7572—which 
is for servicing F.M. receivers operat- 
ing in the 90 Mc/s. region. 

Mullard Electronic Products, Ltd., 
Century House, 

Shaftesbury Avenue, 

London, W.C.2. 


National Physical Laboratory 


N the Electronics Section of the 
N.P.L.’s exhibit, was shown the 
Automatic Computing Engine. This 
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very large machine is intended to have a 
storage of about 200,000 binary digits. 
(‘‘Electronic Engineering,’’ 18, 372, 1946.) 





Model 33 Geiger-Muller Radiation 
Monitor 


THe Model 33 (shown above) is a robust, 
battery operated instrument for the 
detection and location of radioactive 
sources. Indication of activity is given 
by light-weight headphones. All voltage 
supplies for the amplifier and Geiger- 
Muller tube are derived from a single dry 
battery of the portable radio type, with 
combined H.T. and L.T. voltages of 674 
and 14. A voltage control enables the 
voltage for the Geiger-Muller tube to 
be adjusted, and compensation can be 
made for ageing batteries. 
The standard instrument is fitted with 
a GM2 tube with an end window of 
duralumin which is just transparent to 
beta rays of 0.2 M.E.V. approx. If the 
instrument is required for monitoring 
medium-speed beta particles a GM4 tube 
can be supplied or an EHM2 mica- 
window tube for slow-beta work. The 
latter is especially recommended for 
carbon (Cl4) and sulphur (S35). All 
tubes are sensitive to gamma radiation. 
The instrument is held by means of a 
pistol-grip handle and is brought into 
action by a single press-switch. 
Panax Equipment, Ltd., 
347, London Road, 
Mitcham, Surrey. 





Precision Engine Speed Indicator— 
Airborne Type 
(Illustrated above) 


to is a compact, portable equipment 
capable of measuring shaft speeds up 
to 20,000 to the nearest 10 r.p.m. 
A standard time interval of one second 
is used, obtained from a low frequency 
N.T. cut crystal working at a frequency 


>of 4.096 kc/s., allowing the complete 


division to | c/s. to be obtained by 
scale-of-two stages—i.e., 2)". 

The gating circuit is arranged for 
manual or automatic control. When 
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using the latter, controlled switching 
permits an external camera to be 
synchronized with it to provide a 
continuous recording. 

The pick-up from the engine shaft is 
by means of a slotted disk and photocell. 
The counter are units of four scale-of- 
two with feedback to obtain a scale-of- 
ten, the indicator unit being remote 
from the main equipment and using 
miniature neons. 

Another exhibit was the !9 cm. 
diameter high temperature X-ray 
camera (shown below), with a tungsten 
wire furnace suitable for operation in a 
reducing atmosphere to a temperature 
in excess of 1,800 c degrees. 

The Plessey Co., Ltd., 
lIford, Essex. 





Radar Research and Development 
Establishment 

A‘ interesting new development was 

the automatic phase recorder 


demonstrating the properties of a 
centrimetric radar lens, which _ is 
designed to record radio-frequency 


phase variation along any desired paths 
as determined by the traversing 
mechanism. The results are produced 
as pen recordings of phase versus 
displacement. 


Royal Aircraft Establishment 
a* interesting exhibit on this stand 

was the Electronic Curve Follower, 
which will translate into voltage form 
recorded information to be fed to a 
differential analyser or an analogue 
computer. 


Layer Thickness Meter 

HE electrical instruments on the 
stand of Salford Electrical Instru- 
ments, Ltd. included a new Layer 
Thickness Meter (illustrated right), which 
measures the thickness of a layer of any 
protective coating directly, without 
damaging or marking the coating. 
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The layer thickness is read directly 
from a meter scale calibrated from 0 to 30 
thousandths of an inch (0 to 0.75 mm.) 
and the measurement is accurate to 
within +10 per cent. 

Apart from the pilot lamp, which is 
well under-rated, the instrument 
contains. no components which 
need periodical replacement, and its 
reliability is therefore assured. 


Link Testing Wattmeter 
(Illustrated above) 


Another exhibit on this stand was the 
Link Testing Wattmeter, which is suit- 
able for measuring the power flowing in 
A.C. and D.C. circuits without interrupt- 
ing the circuit. 

The wattmeter functions as a normal 
dynamometer instrument with a wound 
voltage coil connected via the test leads, 
and a conductor passing through the 
pole-pieces which acts as the current 
coil. Four interchangeable movements 
will be available—O-12, 0-50, 0-100 and 
0-200 kilowatts—and horse-power scales 
can be fitted if desired. 

The voltage circuit is wound for a 
maximum of 250 volts. For the pro 
tection of the user, high-rupturing- 
capacity fuses are fitted in the equipment 
and the test leads are shrouded. 


Salford Electrical Instruments, Ltd., 
Peel Works, 

Silk Street, 

Salford, Lancs. 
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Signals Research and Development 


Establishment 
T this stand was exhibited the 
frequency modulation deviation 


meter No. 3, which is an instrument for 
measuring deviations up to 500 kc/s. 
with modulation frequencies up to 
120 ke/s. at an R.F. carrier frequency 
between 20 and 100 Mc/s. 


D.C. Amplifier 


Le D.C. Amplifier exhibited by 
Sunvic Controls, Ltd., is a new piece 
of equipment, which operates as fo!lows: 
the D.C. input is connected to a vibrator 
which changes the D.C. voltage into a 
square wave. After suitable A.C. 
amplification, the amplified signal is 
rectified and connected to either a D.C. 
milliameter indicator or to a recorder. 
A high degree of negative feedback is 
applied, giving high stability and 
linearity. The degree of feedback is such 
that the overall gain is determined 
mainly by the feedback resistance. The 
resistance can therefore be used as a 
reliable gain adjustment. 

There are four input voltage ranges 
from 0. to0.1 millivolts to 0 to 100 milli- 
volts. The accuracy of the instrument 
is one per cent of 0.1 millivolt range and 
0.1 per cent of | millivolt range. The 
maximum speed is 1/10 second full 
scale, with amaximum output of + 5mA 
into a maximum load of 4,000 ohms. 

Other new equipment at this stand 
included a electronic relay type EA3, 
bimetal thermostat, a  cold-junction 
thermostat and a fatigue machine con- 
trol unit. 

Sunvic Controls, Ltd., 
10, Essex Street, 
Strand, W.C.2. 


Telecommunications Research 
Establishment 


NE demonstration was of locked 

oscillators for frequency multiplica- 
tion, which were parts of a system for 
obtaining power at 3,000 Mc/s. from a 
crystal-controlled source at less than 
10 Mc/s. 

Another demonstration was of the 
two co-ordinate recorder which plotted 
the curve of current against voltage of a 
resistor or other impedance. It was 
shown that the curve could be traced by 
a recording meter on squared paper 
approximately as fast as manual adjust- 
ment of the current was possible. 


Cathode-Ray Tubes 
T= cathode-ray tubes exhibited by 
20th Century Electronics included 
single beam types SB6 and SB4, the 
diameter of their flat faces being 6 and 4 
inches respectively. These cathode-ray 
tubes have been designed to fulfil the 
need for precision tubes, and are not a 
replacement for the simple varicty. 
The operating voltage of the tubes is 
4 kV maximum for the third anode and 
2 kV maximum for the first. The focus 
voltage is proportional to the 3rd anode 
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plate sensitivity for SB6 on X plates is 

0.4 mm. per volt approximately, and on 

Y plates is 0.6 mm.; for SB4 the plate 

sensitivity on X plates is 0.2 mm. and 
Y plates 0.4 mm. 

20th Century Electronics, 

Dunbar Works, Dunbar Street, 

West Norwood, S.E.27. 


Video Frequency Oscillator 


THs portable instrument is a variable 
frequency oscillator covering the 
frequency range 7 kc/s. to 8 Mc's. in six 
ranges. The amplitude variation at any 
frequency setting does not exceed 0.1 db 
and the total harmonic distortion is !ess 








voltage, and is between 280 and 300 volts 
with the 3rd anode at 2 kV. Negative 
grid voltage for cut-off is 100V. 20V 
variation from voltage cut-off is sufficient 
to give 20mA of beam current. The 
heater voltage is 6.3 volts and the current 
is 0.8 to 1.0 amps. 

With the 3rd anode voltage 2 kV, 


A New American Analyser 
EVELOPMENT of a_ bantam-size_ electronic 
differential analyser, a midget beside M.I.T.’s 
100-ton computing machine, was recently announced 
at the Massachusetts Institute of Technology by Pro- 
fessor Albert G. Hill, director of the Research Labora- 
tory of Electronics. 

The new machine, its builders explain, uses radio 
circuits exclusively. It can solve at high speeds and 
with moderate accuracy the same problems under- 
taken by its larger counterparts. The new analyser 
has already been used successfully by many depart- 
ments at the Institute to help solve such varied prob- 
lems as chemical reaction rates, communication 
theory, and heat distribution. It presents the answers 











than 0.2 per cent. The oscillator will 
deliver a maximum output of | volt 
r.m.s. into 75 ohms, and an attenuation 
of up to --65 db. below this level can 
be obtained in steps of 0.5 db. It has an 
output range of 10 db to —55 db on 
1 volt push-pull. 

A V.H.F. Admittance Bridge Type 
B.901 (illustrated above) and an Audio 
Frequency Waveform Analyser Type 
A201, were two other new develop- 
ments shown. 

Wayne Kerr Laboratories, Ltd., 
Sycamore Grove, 
New Malden, Surrey. 


to its problems in terms of graphs on a c.R.T. To 
keep the picture continuously bright and clear, the 
machine repeats its solution to every problem 60 times 
per second. Each solution is completed in 1/100 
second. When new instructions are given, it switches 
over to solving the new problem, and continues to 
present that new solution 60 times per second until 
still other information is provided. 

The analyser is accurate to about 5 per cent; its 
repeated soiutions to the same problem will always 
be within .002 to .1 per cent of the first one. Unlike 
conventional calculating machines which deal with 
numbers, it is used to solve problems involving rates 
of change of variable quantities. The solutions of 
such problems are not given as tables of numbers 
but as continuous pictures of the values of two or more 
constantly changing quantities. They are answers 
that tell where a moving body is, not where it was 
when the last measurements were made. 

A typical complicated problem is the design of a 
hydrofoil boat, on which the electronic analyser has 
been used for the past several months. A hydrofoil 
boat—one which has wings extending into the water 
to support it in motion so that the hull is out of the 
water—has speed and stability advantages which may 
be important in military as well as civilian uses. 

Since midsummer the electron‘c differential analyser 
has been used to study the action of an entirely 
hypothetical hydrofoil boat in waves of many 
different heights, with various different types and 
arrangements of ‘‘ wings,’’ and.at various speeds. 
Given certain characteristics of the non-existent craft, 
the machine can show how the boat would behave: 
its up-and-down movement, its pitches, its change in 
speed and how rough a sea it could take without 
capsizing. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Photocells 


Dear Sir,—Readers who at- 
tempt to make their own barrier- 
layer photocells according to the 
article reprinted in your March 
issue are likely to be _ dis- 
appointed with the _ results. 
Selenium rectifier disks available 
in this country show about one- 
fiftieth of the stated light sensi- 
tivity, unless most of the opaque 
conducting layer is removed from 
the selenium surface, leaving a 
semi-transparent but still con- 
ducting layer. 


Fortunately the process is a 
simple one. The _ conducting 
coating melts at a lower tempera- 
ture than selenium, and it is 
only necessary to heat the recti- 
fier disk gradually on a metal 
plate until the coating begins to 
show signs of melting, and then 
gently wipe it off. It is advis- 
able to leave untouched a small 
section of the centre, to which 
contact may be made with a flat- 
headed screw bolted through the 
disk. An insulating bush and 
washer (both obtained from the 
original rectifier assembly), one 
large and one small solder tag 
on opposite sides of the washer, 
and finally a nut completes the 
assembly. A dip in clear lacquer 
is advisable to keep out damp. 


If painted disks are used, the 
paint should be rubbed or dis- 
solved off before heating—one 
cannot rely on wiping off paint 
and conducting layer together. 
Care must be taken to avoid over- 
heating, which. would melt the 
selenium and convert it to the in- 
sensitive black form, _ besides 
removing the last of the ‘‘ghost’’ 
coating. 

Cells prepared in this way 
show a sensitivity ranging from 
25 per cent to 50 per cent of that 
of conventional barrier layer cells 
of the same area. They are more 
robust, however, and will better 
withstand exposure to direct sun- 
light. A 45 mm. disk facing the 
North sky gave 300 mA into a 
meter of 100 ohms resistance, on 
a bright day in February. Larger 
disks were not proportionately 
more sensitive, however. 


Four 45 mm. disks in parallel 





have been used to control the 
parking lights of an unattended 
car. The cells, mounted under- 
neath the windscreen, operate a 
moving-coil relay made from one 
half of a blind-landing indicator 
meter, price 7s. 6d. from the 
surplus stores. The pointer was 
replaced by a silver-plated wire 
(gold plating would be _ better 
still) with silver foil as the fixed 
contact. The new pointer is 
deliberately over-weighted to 
avoid contact sticking, since the 
original movement was unneces- 
sarily _ sensitive. This relay 
operates a type 3000 relay (2000 
ohms, damped by a 10,000 ohm 
resistance) which when energised, 
via the six volt car battery, 
switches off the lights. 

This type of cell is not really 
suitable for photographic use, 
being unduly red-sensitive. A 
blue-green filter could be incor- 
porated, however, and using one 
of the above mentioned meter 
movements (100 mA F.s.D.) a 
moderately sensitive exposure 
meter may be made for a few 
shillings. 

Yours faithfully, 


L. P. Learney, 
Fulham, London, S.W.6. 


Interference from Incandescent 


Lamps 


Dear Sir,—The article quoted 
from Electronics entitled ‘‘ In- 
terference from Incandescent 


Lamps ”’ does not give a satis- 
factory explanation of the 
phenomenon. The resonant 


filament of the hypothesis given 
would have to have a Q value of 
the order of 100,000 to explain the 
very long period during which 
the interference persists. This is 
an impossible figure, of course. 

I have observed this type of 
interference from two of four 
‘candle lamps”? (40 watt) in 
two twin wall sockets. The 
interference is certainly not a 
damped wave train but is exactly 
as described otherwise. The 
level is fairly constant during 
most of the ‘ pulse.’’ 

The effect is not always pre- 
sent in the same degree (the 
duration of the pulse varying 
from day to day) and it is often 


completely absent. Possibly the 
atmospheric humidity has some- 
thing to do with it. 

It has been observed that 
placing one’s hand over the bulb 
usually increases the width of 
the band on the television screen. 
On removing the hand the inter- 
ference ceases completely for 
about half a second and _ then 
returns at its original width. 
This suggests that the effect is 
influenced by electric charges on 
the glass. The potential on the 
glass was observed by means of 
a c.R. oscilloscope and a small 
pick-up electrode. This voltage 
consisted of a mains frequency 
sine wave with a superimposed 
pulse (shaped like a clipped sine 
wave) which behaved in exactly 
the same way as the interference 
pulse. The pulse repetition fre- 
quency was 50 a second. 
several different types of bulb 
tried, all showed voltage pulses 
of a similar type, about half of 
them having a 100 c/s repetition 
frequency. These other bulbs 
had not caused interference. 

One can only conclude from 
these results that the oscillations 
are of the ‘‘ plasma ”’ type, pro- 
duced in the gas filling of the 
bulbs by the potential between 
the two ends of the filament. The 
reason for asymmetry may be 
differences in the surface purity 
of the two ends of the wire, 
affecting its emissivity. 

My receiver is a “straight ” 
type, so the oscillation must be 
at or near the carrier frequency 
(45 Mc/s). 

Yours faithfully, 
W. S. Mort ey, 
Chelmsford, Essex. 


A D.C. Amplifier using an Electro- 
Meter Valve 


Dear Srr,—We have observed 
in an article, page 49, February 
issue, reference to a valve styled 
Osram VX3088. We should like 
to make it clear to the author 
that this is purely a Services 
reference and does not apply to 
a commercial type of valve. 

We raise this because we have 
received one or two inquiries for 
this valve from commercial 
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NICKEL- FOR HIGH VALUE FIXED AND VARIABLE 
CHROMIUM RESISTORS AND POTENTIOMETERS 
FOR ELECTRICAL MEASURING INSTRU- 
C OPPER-NICKEL MENTS OF ALL TYPES 
MINALPHA FOR STANDARD RESISTANCE EQUIP- 


MENT 


FOR LOW RESISTANCE MEASURING 


MANCOLOY [0 AND RADIO EQUIPMENT 


Comprehensive details of the properties of these alloys and of recom- 
mended uses of our precision-drawn resistance wires are given in 
Booklet 1440, freely available on request. 


JOHNSON, MATTHEY & CO., LIMITED, 
HATTON GARDEN : LONDON, E.C.| 


Johnson 
Matthey 





The important characteristics of 
the Marconi F.M. RECEIVER TESTER are : 


@ Crystal standardised c.w., f.m. and a.m. signal generator 
with audio frequency power meter. 


@ Carrier range 21-168 Mc/s in three bands. 
@ Output 14V to 31.6 mV, continuously variable ; high level 0.1V max. 


@ Frequency modulation up to 75 kc/s on the low frequency band, 150 kc/s 
on the medium band or 300 kc/s on the high frequency band. 


@ Amplitude modulation to nominal depth of 30% over the complete range. F. M. q EC E iV E R 
@ Internal modulation frequency, 1000 c/s. 
TESTER Type TF 913 


There are other impressive features also in an instrument which is up to date in 
technique, soundly-designed and carefully engineered. Full details on request. 


MARCONI INSTRUMENTS LIMITED 


ST. ALBANS, HERTFORDSHIRE. Telephone: St. Albans 6161/5. ¥) 


Northern Office: 30 Albion Street, HULL. Western Office: 76 Portview Road, AVONMOUTH. Southern Office & 
Showrooms: 1!09 Eaton Square, LONDON, S.W.!. Midland Office: 19 The Parade, LEAMINGTON SPA. 
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AS CERTAIN AS THE COMING OF SPRING 


If the mains should fail, the Nife-Neverfayle emergency | 
lighting equipment will instantly, automatically flash into | 


action with complete reliability. That is the special ad- | 


vantage of the NIFE battery. For a NIFE battery will not 
deteriorate even during months of inactivity—its elec- 
trolyte is almost inert. A NIFE battery can stand up to 
rough handling and neglect—it 
is made principally of steel. And 
finally, a NIFE battery’s first cost 
is almost its last cost—it needs 
practically no attention. Hos- 
pitals and cinemas all over the 
world have already installed 


Nife-Neverfayle emergency 





lighting equipment. 


NIFE-NEVERFAYLE 


THE EMERGENCY LIGHTING EQUIPMENT 
with the STEEL battery 





NIFE BATTERIES - REDDITCH - WORCESTERSHIRE 










SPECIAL 
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photograph 


TRULY  Therearemore 


MINIATURE than two hun- 


dred Type W99 
Capacitors piled on this 
standard match box! An- 
other new development by 
Hunts to meet the increas- 
ing needs of designers and 
manufacturers for a quality 
capacitor for use in 
light weight, compact 
equipmentemploying mini- 
ature valves and for T.V. 
equipment. 


Now available 
in the W99 
range and in 
the same standard dimen- 
sions—1000 pF 300v. A.C. 
wkg. at 71°C. (3/16’x7/16”) 
As a decoupling capacitor, 
this is suitable for a fre- 
quency range of 50 c.p.s. 
to 100 mc’s. 


NOTE 


REGISTERED 
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A CAPACITOR “ 





for the 
tightest 
of 

TIGHT 
CORNERS 








TYPE W99 
MOULDED 
METALLISED 
PAPER 


(HUNT'S PATENT) 


STANDARD DIMENSIONS 
AND RANGES 
3/16” dia. x 7/16” long 
1SOv D.C, : 0.004uF to 0.0luF 
350v D.C. : 50 pF to 3000pF. 


1/4” dia. x 9/16” long 
600v D.C. : 2.5pF to 2500 pF 


TEMP. RANGE. 
—40°C to+71°C. 


I.R. Better than 20,000 
megohms. 


SELF-HEALING. 


Full details of ali 
Hunts types, sam- 
ples and advice on 
any capacitor ap- 
plication, gladly 
suppliedonrequest. 


MARK 


CAPACITORS 


THE TRADE MARK OF RELIABILITY 





DRY ELECTROLYTICS. 


FOIL & PAPER. 


METALLISED PAPER 


STACKED & SILVERED MICAS, ETC. 


A. H. HUNT LTD., WANDSWORTH, LONDON, S.W.I8 
Tel.: BATtersea 3131 


Established 1901 
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sources and we must make_ it 
clear that we have no production 
or supply of the type for other 
than Government demand.— 
Yours faithfully, 
F. E. HENDERSON, 
The General Electric Co., 
London, W.C.2. 


The Noise in Fixed Resistors 


Dear Sir,—This company, as 
specialist manufacturers of  re- 
sistors, is naturally very in- 
terested in Mr. Oakes’ article 
upon ‘‘ The Noise in Fixed 
Resistors.’’ |Our interest arises 
from the fact that this phenome- 
non has been actively investi- 
gated by us during the past two 
years and we feel that with re- 
gard to the noise generated by 
the so-called carbon _ black 
resistors we have, possibly, more 
practical experience. 

At the outset it is necessary to 
emphasise that the name ‘‘carbon 
track”’ is not a really satisfactory 
description for the so-called high 
stability resistors, since a carbon 
track resistor can be made from 
a composition of insulating 
varnish and carbon powder, and 
such material has been used for 
many years. If the high stability 
resistor is to be described with- 
out ambiguity it would be pre- 
ferable to refer to it as a cracked 
carbon resistor, from which all 
readers would understand that 
the material was the pure crys- 
talline carbon obtained by de- 
composition of organic com- 
pounds at high’ temperature. 
With regard to the noise genera- 
ted we must say that after 
measuring many thousands of 
cracked carbon resistors we have 
never yet encountered one having 
a noise voltage of the order of 
20 microvolts per volt, and the 
only explanation we can give for 
the samples so found by Mr. 
Oakes is that the tracks have 
been damaged in some way and a 
discharge was taking place in the 
component. 

This raises a further point that, 
according to our measurements— 
which confirm work in North 
America by Chipman, and_ by 
Christianssen and _ Pearson—the 
noise generated by a carbon 
resistor of any type is_ not 
strictly proportional to the volt- 
age applied thereto, so that the 
expression of noise voltage in 
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terms of microvolts per volt is 
not a really satisfactory one. In 
many cases the departure from a 
linear relationship is quite small 
but if the noise level of the re- 
sistor is large, a much more com- 
plex expression is necessary to 
describe properly the nature of 
the noise produced. 

A further factor, which may 
have escaped Mr. Oakes’ atten- 
tion; is that the noise generated 
by resistors of identical values 
will depend very largely upon 
the method of construction, so 
that a cracked carbon resistor’s 
noise level can be controlled to 
some extent, particularly by the 
use of films having the lowest 
possible resistivity. 

A further factor which is of 
interest is that it is regarded as 
the best practice for manufac- 
turers of this type of component 
to subject all products to a noise 
level test to eliminate those with 
the highest noise level, as this 
would indicate faulty construc- 
tion which might give rise to 
failure in service for other 
reasons. 


It is a matter of interest that 
with cracked carbon resistors 
noise level, temperature coeffi- 
cient and voltage coefficient are 
intimately related and one of 
these factors might be predicted 
from the others. 


It is emphasised that the pur- 
pose of this letter is to make it 
clear that there is a great deal 
of information upon the noise 
level of cracked carbon resistors 
to which reference has not been 
made in the very interesting con- 
tribution by Mr. Oakes. It is not 
to belittle the information he has 
given or to criticise the accuracy 
but to draw the attention of your 
readers to the fact that, because 
of the intensive effort being made 
by both this company and otners, 
a very much clearer picture of 
the nature and causes of aoise in 
this type of resistor can he ex- 
pected in the near future. 


Yours faithfully, 
R. H. W. Burkert, 
Welwyn Electrical Laboratories, 


et ) 


Northumberland. 


The author replies: ‘* Mr. 
Burkett mentions in his letter 
that the name ‘“ carbon track ” 
is not really a satisfactory des- 
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cription for the so-called high 
stability resistor. We are quite 
aware of this, and in fact, the 
high stability resistor is only one 
particular type of the many 
various designs which would 
come under the collective term 
‘carbon track ’’ resistor; this 
term, of course, includes cracked 
carbon resistors as well as other 
types of carbon deposit upon in- 
sulating bases. It is quite obvious 
that from a_ high - stabliity 
resistor a noise voltage of the 
order of 20 microvolts per volt 
could not be expected unless 
with a faulty sample. A voltage 
of that order, however, can be 
found occasionally with bad 
specimens of other designs and 
of course more easily so, if it is 
one of the older and less efficient 
types of design. 


‘It was never inferred in the 
original article that the noise 
generated by a carbon resistor is 
strictly proportional to the 
voltage across its termination, 
and while the expression of noise 
voltage in terms of microvolts 
per volt is not really a satisfac- 
tory one from the _ theoretical 
point of view, it is quite widely 
used, and as a rule quite an 
adequate measure of the noise 
produced by a particular resistor. 
It is quite obvious that for an 
accurate description not only the 
voltage applied but also the 
ambient temperature and other 
factors would have to be stated. 

‘Mr. Burkett mentions that we 
might not be aware of the fact 
that the noise generated by 
resistors of identical values will 
depend very largely upon the 
method of construction; this fact 
is actually mentioned on page 58, 
column 1, 


“In an article of a general kind 
covering not only cracked carbon 
resistors but also other carbon 
track resistors and solid composi- 
tion resistors it is not possible to 
go into great details concerning 
individual designs; it would, of 
course be interesting for specialist 
manufacturers to cover their own 
particular subject and go into 
more technical details. 


“Tt is interesting to hear that 
intensive efforts are being made 
to get a much clearer picture of 
the nature and causes of noise in 
different types of resistors be- 
cause many sides of this subject 
still need clarification.”’ 








208 





THE RADIO AMATEUR’S HAND- 
BOOK, 1950 Edition, by A.R.R.L. 20s. 
FN 

GIANT BRAINS OR MACHINES 
THAT THINK, by E. C. Berkeley. 
32s. Postage 9d. 

WIRELESS AMPLIFIER MANUAL 
NUMBER 2, 3s. Postage 2d. 

THE CATHODE RAY OSCILLO- 
GRAPH IN INDUSTRY, by W. 
Wilson. 18s. Postage 6d. 

RADIO AMATEUR CALL BOOK 
MAGAZINE, 1|8s. Postage 9d. 

THE OSCILLOSCOPE — DESIGN 
AND CONSTRUCTION, by J. A. 
Hopkins. 4s. 6d. Postage 2d. 

THE ELECTRONIC MUSICAL 
INSTRUMENT MANUAL, by A. 
Douglas 18s. Postage 6d._ 

WIRE RECORDER MANUAL, by G. 
R. Judge 2s. 6d. Postage 2d. 

THE PRINCIPLES OF TELEVISION 
RECEPTION, by A. W. Keen 30s. 
Postage 9d. 

RADIO VALVE DATA—Compiled by 
Wireless World.. 3s. 6d. Postage 3d. 

PRINCIPLES AND PRACTICE OF 
RADAR by H. E. Penrose. 42s. 
Postage 9d. 

LOUDSPEAKERS, 
5s. Postage 3d. 

TELEVISION SERVICING MAN- 

AL, by E. N. Bradley. 4s.6d. Pos- 
tage 3d. 
We have the finest selection of British 
and American radio books in the country 
Complete lists on application. 


(Dept. E.5) 19-23, Praed Street, 
=LONDON, W.2 = PADdington 4185! 


by G. A. Briggs. 


— THE MODERN BOOK CO. —, 








H. K. LEWIS & Co. Ltd. 


LENDING LIBRARY 


Scientific and Technical 
Annual Subscription from 


ONE GUINEA 
Prospectus post free on request 


New Scientific and Technical 
Books and new editions are 
always available 


Bi-monthly list of new books 
and new editions sent post free 
to subscribers on request. 


THE LIBRARY CATALOGUE 
Revised to December, 1943 
containing Classified Index of Authors 
and Subjects. Demy 8vo pp. viii+-928 
To Subscribers- - 12s. 6d. net 
To Non-subscribers -  - 25s. net 
(Postage 9d.) 

Supplement, 1944 to December, 1946 





To Subscribers - - 2s. 6d. net 
To Non-subscribers - - 5s. net 
(Postage 4d.) 





LONDON: H. K. LEWIS & Co. Ltd. 


136 GOWER STREET, W.C.! 
Telephone : EUSton 4282 
Business hours:-9 a.m.-5 p.m. Saturdays-! p.m. 




















Electronic Engineering 


Photoelectricity and its 
Application 


By V. K. Zworykin and E. G. Ramberg, 
478 pp. Chapman & Hall, 1949. Price 45s, 


A LARGE proportion of the text 
books on photoelectricity origi- 
nates in the United States. The 
present book by acknowledged 
experts in the field must be included 
among them, not as a newcomer, 
but as a new and enlarged presenta- 
tion of a previous, well known 
volume ‘ Photocells and __ their 
Application ’’ by Zworykin and 
ilson. Since the last edition of 
that book appeared in 1934 con- 
siderable advances have been made 
both in the development of new 
photosurfaces and of associated 
devices. In these we would include 
the recent ‘‘ alloy ’’ surfaces, photo- 
multipliers and television cameras 
of both low and high velocity scan- 
ning types. As a result there has 
been a need for many years for a 
revision of the original book. 


The first two chapters of the 
present book, which deal with 
historical and fundamental aspects 
of the subject, are followed by 
several chapters which describe the 
preparation of photocells and asso- 
ciated techniques such as the pro- 
duction of high vacua and the 
making of metal to glass seals. The 
term photocell includes the three 
main types, photoemissive, photo- 
voltaic and photoconductive respec- 
tively. One of the important 
developments described in this part 
of the text is that of the “alloy” 
surfaces, in particular the antimony- 
caesium surface, having a_ high 
efficiency for blue light. In the 
description of its preparation no 
mention is made of the final stages 
of processing which involve oxida- 
tion of the surface under critical 
control conditions. This process of 
oxidation can increase the sen- 
sitivity by a factor of ten when 
carried out by those “ skilled in the 
ar.” 


In another chapter in this first 
part of the text some description is 
given of lead sulphide photo- 
conductive cells. However, only 
passing reference is made to lead 
selenide cells and no mention is 
made of lead telluride cells which 
extend the response of this class of 
cells to longer wavelengths in the 
infra red region. This omission can 
hardly be attributed to lack of 
literature since a British text book 
of electronics published in 1947 gave 
considerable space to a description 
of the characteristics of such cells, 
and short communications have since 
appeared in scientific journals indi- 
cating developments of significance 
in this field. 


As stated by the authors in their 
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preface, the stress is on practical 
applications of photoelectricity, and 
the latter half of the book is con- 
cerned with these. Among the 
various practical devices described 
are included the more significant 


applications in facsimile picture 
transmission, television cameras, 
photometry, colorimetry, spectro- 


chemical analysis and sound repro- 
duction. One chapter is devoted to 
television cameras of various types 
including the recently developed low 
velocity beam cameras of 
the orthicon type. This chapter 
might have been made more com- 
plete by some reference to British 
practice as distinguished from 
American by the use of the C.P.S. 
Emitron rather than the image 
orthicon. In another chapter the 
use of photoconductive cells in infra 
red detectors is described. This 
chapter lacks reference to the 
application of these cells in infra red 
spectroscopy which has increased 
the ease and rapidity of determining 
molecular structures by a large 
factor. 


The book concludes with chapters 
on miscellaneous applications of 
photoelectricity in industry, in 
meteorological work, such as 
cloud _ height determinations, in 
the sighting and guiding of tele- 
scopes in astronomical systems, and 
on the future possibilities of im- 
provement in photoelectric surfaces. 
Two possibilities are considered, the 
increase in cell sensitivity and the 
extension of the response to longer 
wavelengths. While the authors 
indicate the effects of thermal distur- 
bances in long wavelength regions 
they do not point out that in 
present practice these are minimized 
by refrigeration and that this pro- 
cedure will be effective for regions 
not yet reached by present photo- 
cells. Advances in cell sensitivity 
are at present reaching quantum 
efficiencies of 20 per cent for surfaces 
and so no spectacular developments 
are likely. However, as pointed out 
by the authors, the conductive type 
of cell offers the possibility of 
combining high sensitivity with 
compactness, both of the cell and 
of its associated equipment. This is 
of importance to the practical user 
of these devices. 


The general treatment of the sub- 
ject is non-mathematical although 
footnotes provide some mathematical 
approach. There is an appendix 
containing a list of elements, the 
periodic table, systems of units and 
useful conversion factors, the authors 
showing a preference for the M.K.S. 
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system of units. The book can be 
thoroughly recommended, particu- 
larly to readers concerned with in- 
dustrial and commercial uses of 
photocells who require an adequate 
and up to date view of the subject. 


G. F. J. Garwicx. 


Radio, Television and 
Electrical Repairs 


Edited by Roy C. Norris. 448 pp., 429 
oe Odhams Press, 1949. Price 
is. 6d. 


HIS book devotes most of its 

attention to radio and electrical 
repairs, two short chapters in the 
middle being included on television, 
while part of a third on aerials deals 
with television types. The book is 
well illustrated throughout by means 
of carefully made sketches, so that 
it makes good appeal for its visual 
presentation. 

Two chapters introducing prin- 
ciples of electricity in simple terms 
are followed by an introduction to 
basic radio receiving circuits, 
methods of testing and types of 
equipment required, which are pro- 
gressively arranged to cover the 
whole practical range of radio ser- 
vicing quite well. The ensuing brief 
chapters on components, loud- 
speakers, pick-ups and gramophone 
motors are not quite so up to date 
as some of the rest of the book; 
while earlier types of pick-up and 
gramophone motor are described in 
detail, the modern light weight 
pick-up is just mentioned, and the 
rim-drive motor is omitted. 

The chapters on television give a 
brief outline of the principles of 
television and the waveforms of 
transmitted signals. Although the 
receiver is treated sectionally, the 
information on each section is 
scant, the only types of E.H.T. and 
time base described employing a 
Mains operated half wave rectifier 
and a_ blocking oscillator respec- 
tively. The chapter on _ faults, 
symptoms and cures, treats matters 
only in a very general way. The 
chapter on aerials contains more 
information of a practical nature, 
although there is very little on the 
connexion of extension speakers, the 
subject coupled in by the title. 

The remainder of the book can be 
placed under the general heading of 
electrical repairs: a comprehensive 
chapter on house wiring is followed 
by one on small appliances, includ- 
ing electric indicators, bells and door 
chimes. Leclanché cells, blankets, 
hair driers, toasters, clocks, fans, 


Electronic Engineering 


kettles and household irons, and 
shavers; the following chapters deal 
with various types of electric fire and 
space heater, and vacuum cleaners 
and polishers; much practical infor- 
mation on fault location and repair 
is given on all this electrical equip- 
ment. The next chapter treats the 
rewinding of small motors, giving 
useful information on fault location, 
but not quite such complete infor- 
mation on actual rewinding from the 
ractical point of view. There 
ollow two short but informative 
chapters on cookers and washing 
machines, a comprehensive one on 
refrigerators, and a longer chapter 
on A.c. motors that gives more 
information on rewinding. The last 
two chapters deal quite well with 
electric water heating and battery 
charging respectively. 

The book forms a very helpful and 
convenient source of reference in the 
fields covered, and it would appear 
to be almost inevitable that a book 
attempting to cover so large a field 
in one volume of reasonable size 
should be somewhat less explicit in 
some portions of the field. 


N. H. Crownurst. 


Scientific Foundations of 
Vacuum Technique 


By Saul Dushman. 882 pp. John Wiley 
& Sons, Inc., New York. Chapman & 
Hall, Ltd., London, 1949. Price 90s. 


HEN in 1922 Dushman’s 

‘Production and Measure- 
ment of High Vacua”’ appeared as 
the first monograph of its kind it 
was greeted as the ‘‘ Bible of the 
vacuum _ technician.”’ Meanwhile 
quite a few books have appeared 
about the same subject (see ExEc- 
TRONIC ENGINEERING 20, 8, 1948; 
20, 372, 1948; 21, 32, 1949). The 
present book differs from the pre- 
vious publications in that it con- 
fines itself to the scientific founda- 
tions only. Of course in a book of 
this description one must not expect 
to find anything of the more prac- 
tical aspects of vacuum technique 
like the vacuum plumbing, the 
joints, valves, glass-to-metal seals 
or the special seals for the trans- 
mission of motion, the cleaning of 
the vessels and of the pumping 
fluids. Also on the various applica- 
tions of high vacuum technique in 
electronic, chemical, metallurgical 
and optical engineering not very 
much will be found, an exception 
being some general remarks on 
vacuum distillation of metals and 
deposition of films in section 8 of the 
eleventh chapter. Nevertheless 
the practical electronic and chemi- 
cal engineer will find a vast amount 
of useful information, e.g., in the 
chapters on the clean-up of gases at 
low pressures (chapter 10) and on 
degassing of metals and on dis- 
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THE THEORY AND 
DESIGN OF 
INDUCTANCE COILS 


By V. G. Wetssy, Ph.D., A.M.1.E.E. 


Post Office Research Station 


This book is intended to assist the 
circuit designer in selecting the coil 
design more suitable for a given pur- 
pose, and to enable him to predict 
the changes which must be made in 
a given design in order to obtain 
any desired performance of the re- 
It will also appeal to 
students who must obtain a clear 
understanding of the applications 
and design of inductance coils. 


MACDONALD & CO. 
(Publishers) Ltd., 
43 Ludgate Hill, 














210 


| ELECTRONICS | 
| 
| 


EXPERIMENTAL 
TECHNIQUES 


| By W. C. Elmore, Professor of 

| Physics, Swarthmore College, 
and M. L. Sands, Assistant Pro- 
fessor of Physics, Massachusetts | 
Institute of Technology. 
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to the description of 
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| basis of the complete circuits. 
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Monographs 


CATHODE RAY TUBE TRACES 
by H. MOSS, Ph.D. 
Price 10s. 6d. 


This Monograph is based on a series of articles 
published in Electronic Engineering and con- 
tains the elementary theory of common types, 
with notes on their production. 

“This book has considerable general 
educational interest.’’"—Electrical Review. 
**The photographs of c.r.-tube traces are 
excellent and in both their quality and their 
number they form an outstanding feature of 
the book.’’—Wireless Engineer. 


Postage 6d. 


A HOME-BUILT TELEVISOR 
For Sutton Coldfield Reception. 
by W. I. FLACK 
Price 4s. 6d. Postage 3d. 
This booklet fully describes the design and 
construction of a high quality receiver for the 


reception of the Sutton Coldfield trans- 
mission. 


** Congratulations. The results are excellent."’ 
Kings Heath, Birmingham. 


‘*A very commendable design,’’—Coventry. 


** As good as any of the most expensive sets 
on the market,’’—Reading. 
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sociation pressures and rates of 
oxidation (chapters 9 and 12). 
The initial chapter gives the 
principles of the kinetic theory of 
gases, including the theory of dif- 
fusion. Then follows a brief chap- 
ter on the flow of gases through 
tubes and orifices. The next three 


chapters deal with high vacuum 
pumps, followed by a chapter on the 
different kinds of high vacuum 


gauges. This chapter includes a sec- 
tion on leak detection. Here the 
most recent development, the appli- 
cation of the mass spectrometer, is 
also discussed. Chapters 7 and 8 
deal with absorption phenomena, 
gettering and similar processes. 


The experience of a lifetime of 
research, in which the author of the 
book himself did sc much original 
work, is contained in this monu- 
mental volume, not the least advan- 
tage of which is the detailed docu- 
mentation. It is a rich mine of 
information for all those concerned 
with high vacua, and it will for a 
large number of years be considered 
as a standard work. 


R. NEUMANN. 


Elementary Plastics 


By J. Maitland-Edwards, B.Sc., A.R.C.S., 
A.R.I. 192 pp. 71 figs. Chas. 
Griffin & Co. Price 12s. 6d. 


INCE the early twenties plastics 

have found their way into every 
branch of engineering, as indeed they 
have into almost every part of our 
lives. Their varied uses in the form 
of sheets, mouldings, surface coat- 
ings, adhesives, etc., are of no less 
interest to the electrical than to 
other industries, and a book such 
as ‘‘ Elementary Plastics ’’ will be 
very useful. Although Mr. Maitland- 
Edwards particularly had in mind 
a book suitable for students, it will 
be of interest to all those in industry 
who wish to obtain a general know- 
ledge of plastics, and will form an 
introduction for those who wish to 
go on to more specialized study. It 
is a book in which it is easy to refer 
to any particular branch of the 
subject because there are a number 
of chapters concerned with each of 
the main groups of plastics. For 
example, there is a chapter on the 
raw materials and methods of 
manufacture of the phenolic resins, 
then another dealing with methods 
of fabrication from them, and 
finally one giving their properties. It 
covers the wide field from the well 
known urea formaldehyde, phenol 
formaldehyde, cellulose nitrate, etc., 


to the more recently developed 
materials such as polyvinyl chloride 
and polyethylene. It includes a 
useful description of materials such 
as shellac and bitumen which are 
sometimes omitted from books on 
plastics, but which are widely used 
in electrical engineering. A small 
criticism of the book is, however, 
that some rather obscure materials 
are mentioned which might better 
have been left to a more advanced 
work. 


This is not the sort of book which 
sets out to prove that plastics are a 
panacea for all our _ technical 
troubles. The author is clearly 
conscious that they have limitations 
as well as advantages and will be 
judged strictly on their merits in 
competition with other materials. 


C, J. Moss. 


Radio Engineer’s Pocket 
Book 


By F. J. Camm. Ninth (Revised) Edition. 
175 pp. George Newnes, Ltd., 1949. 
Price 5s. 


HIS small book is a useful com- 

pendium of radio facts, figures 
and formule which are needed by 
those engaged in many branches of 
the radio industry, 


The most important _trigono- 
metrical, logarithmic and_ arith- 
metical tables and _ algebraic 


formulae have been included. 


Electric Cables 


By Francis W. Main, M.I.E.E. Third 
Edition. 142 pp. 52 figures. Sir Isaac 
Pitman & Sons, Ltd. 1949. Price 12s. 6d. 


HE third edition of “ Electric 

Cables’? has been rewritten and 
brought up to date, and includes 
many new illustrations. It deals 
with the properties, construction, 
installation and maintenance of elec- 
tric cables. Its scope includes those 
cables used for lighting, power, 
telephony and telegraphy, their tech- 
nical characteristics and methods of 
manufacture. 


Written by the former technical 
director of Enfield Cables, Ltd., 
this book is primarily for 
students, although it would also 
appeal to all who require a concise 
description of the developments in 
this branch of electrical engineering. 

It has been well produced with 
clear type and diagrams, and con- 
tains a short bibliography and index. 
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New President of the Organization 
for Standardization 


M. Caquot (France) has _ been 
elected President of the Organization 
for Standardization (ISO) in suc- 
cession to Mr. Howard Coonley 


For his services to the allied cause 
during the 1914-18 war the British 
oot M. Caquot the D.S.O. and 


Membership of the I.S.0. is con- 
fined to representatives of the 
national standards bodies through- 
out the world. The British Stan- 
dards Institution represents the 
United Kingdom, and implements 
international recommendations _ by 
reference to them in the appropriate 
British Standards. 

In order to secure effective co- 
ordination of standards within the 
international field, the B.S.I. would 
be grateful if all those associated 
with international movements con- 
cerned with standardization would 
get in touch with the B.S.I. at 28 
Victoria Street, London, S.W.1. 


Hunts Trimmers 


From 1 April, 1950 the production 
of trimmer capacitors by 
Hunt, Ltd., was discontinued. 

In order to ensure continuity of 
supplies of the special types manu- 
factured by Hunts, the tools and 
equipment have been acquired by 
Sydney S. Bird & Sons, Ltd., 
Cambridge Arterial Road, Enfield, 
Middlesex. 

Arrangements have been made for 
supplies of trimmers to be available 
from A. H. Hunt, Ltd., to the whole- 
sale and service trades as hitherto. 


Pre-amplifiers for the Televisor 


Apologies are offered for the 
appearance of an error in the article 
by W. I. Flack in the April issue, 
In both Figures 3 and 4 “ L3”’ 
should be read where ‘“ L2”’ 
appears, and vice versa. 


The Miller Circuit as a Low Speed 
Precision Integrator 


By I. A. D. Lewis (February 1950 
Issue, page 66). 

It has been brought to the 
author’s attention that the subject 
matter of the above article has 
several features in common with 
certain work done by Messrs. 
Standard Telephones & Cables, Ltd., 
Aldwych, London, W.C.2. Readers 
may wish to refer to British Patent 
No. 629,244 for a description of 
similar types of electronic integra- 
ting circuits. 
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British Plastics Exhibition and 
Convention 


A British Plastics Exhibition and 
Convention are to be held at 
Olympia, London, early in June, 
1951, the year of the Festival of 
Britain. Exact dates are to be an- 
nounced later. 

The exhibition, which will be the 
first trade exhibition representing 
the whole industry, will be open to 
all British firms who produce, mould 
and fabricate plastics materials or 
supply raw material or equipment to 
the plastics industry. While pri- 
marily for the trade, it will be open 
also to the public. At the conven- 
tion lectures, discussions and films 
will cover all aspects of materials, 
production and applications. 

The exhibition and convention are 
being organised, with the _ full 
approval and co-operation of the 
British Plastics Federation, by 
British Plastics, one of the journals 
published by Associated Iliffe Press. 


The Television Society’s Meetings 


The growing popularity of the 
Society’s lectures is reflected in the 
fact that many members are now 
unable to obtain admission to meet- 
ings owing to the large number of 
visitors present. 

The Council have decided there- 
fore that admission of visitors to the 
Society’s meetings will in future be 
by means of ticket only. Tickets can 
be obtained from the Lecture Secre- 
tary, 180 Bromley Road, Becken- 
ham, Kent. 


Mond Nickel Fellowships, 1950 


The Mond Nickel Fellowships Com- 
mittee now invites applications for 
five Fellowships of average value of 
£750 each for 1950. Fellowships will 
be awarded to selected candidates of 
British nationality with degree or 
equivalent qualifications to enable 
them to obtain wider experience and 
additional training in_ industrial 
establishments, at home or abroad, 
to make them more suitable for 
future employment in senior tech- 
nical and administrative positions in 
British metallurgical industries. 
Each Fellowship will cover one full 
working year. Applicants will be 
required to state details of the pro- 
gramme they wish to carry out. 

Particulars and application forms 
are available from: The Secretary. 
Mond Nickel Fellowships Com- 
mittee, 4 Grosvenor Gardens, Lor- 
don, S.W.1. 

Completed application forms are 
required by June 1, 1950. 
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Holme Moss Television Station : 
Building Contract 


The B.B.C. announces that the 
contract for the building work for 
the new television station at 
Holme Moss, near Huddersfield, has 
been awarded to John Laing and 
Son, Ltd., of Mill Hill, London. 

The 35-kilowatt vision transmitter, 
the 12-kilowatt sound transmitter, 
the aerial and the aerial feeder 
system are being manufactured by 
Marconi’s Wireless Telegraph Com- 
pany, Ltd, A 750-foot mast similar 
to that at Sutton Coldfield will be 
supplied and erected by British 
Insulated Callender’s Ccnstruction 
Company, Ltd. 

As recently announced by the 
Postmaster-General in Parliament it 
is hoped that this station will be 
completed by the middle of 1951. 


Appointment of Engineer-in-Charge, 
Alexandra Palace 


Mr. H. Walker, O.B.E., 
A.M.I.E.E., has been appointed 
Engineer-in-Charge of the London 
Television Station at Alexandra 
Palace in succession to Mr. H, W. 
Baker, who was recently appointed 
Assistant Superintendent Engineer, 
Television. 

Mr. Walker has been with the 
B.B.C. since 1931. During the war 
years he served in the R.A.F. He 
joined the staff of the London 
Television Station just before it 
opened in 1936, and returned as 
Assistant Engineer-in-Charge when 
the service was restarted in 1946. 


Tender for Laboratory Equipment 
in Southern Rhodesia 


The United Kingdom Trade Com- 
missioner at Salisbury, Southern 
Rhodesia, has reported that the 
Southern Rhodesian Government is 
calling for tenders for laboratory 
equipment. 

The closing date for the receipt of 
tenders, which should be addressed 
to the Secretary, Tender Board, 
The Treasury, Vincent Buildings, 
P.O. Box 123, Causeway, Salisbury, 
is 28 April, 1950. 

Three copies of the specification 
are available in the Department. 


‘One will be retained for inspection 


by representatives of London firms 
at the Commercial Relations and 
.Exports Department (Industries 
Branch), Room 1084, Thames House 
North, Millbank, London, S.W.1. 
The remaining two copies of the 
specification will be loaned to pro- 
vincial firms in order of application. 





INSTITUTION OF ELECTRICAL 
ENGINEERS 


Unless otherwise stated, all meetings 
are held at 5.30 p.m. at the Institution 
of Electrical Engineers, Savoy Place, 
London, W.C.2 


Ordinary Meetings 


Date : May 18. Time: 3 p.m. 

Lecture: Commemoration of the Centenary 
of the Birth of Oliver Heaviside : ‘‘Heaviside 
The Man.”’ 

By: Sir George Lee, O.B.E., M.C. 

Date: May 18. Time: 5.30 p.m. 

Lecture : Commemoration of the Centenary 
of the Birth of Oliver Heaviside: ‘‘ An 


Appreciation of Heaviside’s Contribution to 
Electromagnetic Theory.”’ 
By: Professor Willis Jackson, D.Sc., D.Phil 
Lecture : Heaviside’s Operational Calculus. 
By: Professor B. Van Der Pol, D.Sc. 


Extra Meetings 


Date: May II. Time: 5.30 p.m. 

Lecture: The Analysis of Action Potentials in 
Electromyography.’’ 

By: P. Bauwens, M.C.R.S., L.R.C.P. 


Radio Section 


5.30°p 
Renenant Cavity 


Date: May 10. Time : 
Lecture : A, Million-Volt 
X-ray Tube.’ 

By: B.Y. “ills, B.Sc., B.E. 
(Joint Meeting with the Utilisation Section.) 


Utilisation Section 


Date : May 4. Time: 5.30 p.m. 
Lecture ‘Evolution of the Lighting Art.’ 
By: J. W. T. Walsh, D.Sc., M.A. 


North Western Centre 


Date: May 2. Time: 6.15 p.m. 

Lecture: The Continental Development of 
Single-Anode Mercury-Arc-Rectifier Valves 
for High Power.”’ 

By: H. Von Bertele. 


Held at: The Engineers’ Club, Albert Square, 
Manchester. 
Northern Ireland Centre 
Date : May 2. Time: 7.30 p.m. 
Held at: The Wellington Hall. Belfast. 
Lecture: Faraday Lecture on Radar. 
By: R. A. Smith, M.A., Ph.D 


South Midland Radio Group 


Date: May I. Time: 6 p.m. 

Held at: The James Watt Memorial Institute, 
Great Charles Street, Birmingham. 

Lecture: Some Electromagnetic Problems. 

By: Professor G. W. O. Howe, D.Sc., LI.D. 


Southern Centre 


Date: May 3. Time : 6.30 p.m. 

Held at University College, Southampton. 
Lecture: Electrical Weighing. 

By: H. 1. Andrews, Ph.D. 


THE ROYAL SOCIETY 


Date: May 4 

Held at: The Royal Society, Burlington 
House, W.1!. 

Lecture: The Bakerian Lecture. 

By: Professor P. W. Bridgman, Foreign 


Member R.S. (Harvard Univ.). 


THE INSTITUTE OF NAVIGATION 


Date: May 19. Time: 4 p.m. 

Held at: The Royal 5 plmammaaaa Society, |, 
Kensington Gore, S.W.7 

Lecture: Marine Radio Position Fixing Systems. 


A Symposium of Papers 
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MEETINGS THIS MONTH 























SECRETARIES OF ASSOCIATIONS 


INSTITUTION OF ELECTRICAL 
ENGINEERS 
The Secretary, Institution of Electrical Engineers, 
Savoy Place, W.C.2. 
Cambridge Radio Group 
G. E. Middleton, M.A., University Engineering 
Laboratory, Cambridge. 
North-Eastern Radio and Measurements 
roup 
G. A. Kysh (Asst. Séc.), Carliol House, New- 
castle-on-Tyne, | 
North-Western Radio Group 


A. L. Green (Asst. Sec.), 244, Brantingham 
Road, Chorlton-cum-Hardy, Manchester, 21. 


South Midland Radio Group 


W. H. Brent, B.Sc., Regional Director’s Office, 
Midlands Region (G.P.O.), Civic House, Great 
Charies Street, Birmingham, 3 


BRITISH INSTITUTION OF 
RADIO ENGINEERS 


The General Secretary, 9, Bedford Square, 
London, W.C.|1. 


Merseyside Section 
J. Gledhill, 123, Portelet Road, Liverpool, 13 
North Eastern Section 


Secretary, c/o 26, Denewell Avenue, 
High Heaton, Newcastle-on-Tyne. 


INC. RADIO SOCIETY OF GT. BRITAIN 


General Secretary, New Ruskin House, Little 
Russel Street, W.C. 


BRITISH SOUND RECORDING 
ASSOCIATION 


Richard W. Lowden, ‘* Wayford,’’ Napoleon 
Avenue, Farnborough, Hants. 


TELEVISION SOCIETY 
. Constructors Group 
G. T. Clack, 10, Tantallon Road, Balham, London, 
S.W.12. 


Midland Centre 


W. Summer, 31, Beech Road, Bournville, 


Birmingham, 
_ Main Society 
T. M. Lance, 180, Bromley Road, Beckenham, 


Kent. 


RADAR ASSOCIATION 


Technical Committee: J. C. Warren, 
Gallows Hill, Kings Langley, Herts. 


57, 


INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


W. H. Fox, A.M.IE.E., Engineer-in-Chief’s 
Office (T. P, Branch), Alder House, E.C.1. 


INSTITUTION OF ELECTRONICS 


Lecture Sec.: W. Summer, 31, Beech Road, 
Bournville, Birmingham, 30. 


North West Branch 


i a Berry, 105, Birch Avenue, Chadderton, 
Lancs. 
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INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: May 5. Time: 5p 

Held at: " Galleon of Eiscerical Engineers, 
Savoy Place, W.C.2. 

Lecture : Cinematography in Engineering. 

a ani A. J. Paul, F.R.P.S., and C. A. Steed, 


BRITISH SOUND RECORDING 


ASSOCIATION 
Date : May 20 and 21. 
Time: 20th, 2.30 p.m. poy | age 
2Ist, 10.30 a.m. to 6p 
Held hy Waldorf Hotel, aaovd, London, 


Exhibition of Sound Recording, Reproducing and 
Audio Equipment. 


TELEVISION SOCIETY 


Date: May 2. Time: 7.15 p 

Held at : es Royal Society of f soe “John Adam 
Street, W.C.2. 

Lecture: Motion Picture Film for Television. 
a A. G. D. West Memorial eres d 

I. D. Wratten, Hon. F.B.K.S., F.R.P. 

Chine meeting with the British es 

Society and the Royal Photographic Society). 


“aes Ng Group 


May 4. 
The C.E. Ym 


Date : e: 7 p.m. 

Held at: 164 Shaftesbury Avenue, 
W.C.2. 

Lecture: Television Auditions. 

By: Miss Mary Cook (B.B.C.). 


Constructors’ Group 


May 12. Tim 
The C. E.A., 


Lecture: The poten and Operation of Tele- 
vision C.R. Tub 
By: 4.3, Allard. 8. Sc., A.Inst.P. 


Date : 


me: 7 p.m. 
= at: 164 Shaftesbury Avenue, 
W.C.2. 


Main Society 


May 2 Tim 
the CEA, 


Date : e: 7 p.m. 
Held wee. 164, Shatesbury Avenue, 
uaeee: Modern Development in Phosphors 
- Television. 
Dr. L. Thee M.A. (Cantab.), D.Sc. 
ga. AM F.R.1.C., F.C.S. 


Midlands Centre 


Date: May |. Time: 7p 

Held at: The Stafford esta, "ingerta Hotel, 
Birmingham. 

Lecture: V.H. F. Link. 

By: Mr. Mumford, M.1.E.E. 


BRITISH INSTITUTION OF RADIO 
ENGINEERS 


Date: May 25. Time : 6.30 p 
Held at : London School of eee a ‘and Tropical 
Medicine, Keppel Street, 
Lecture : Multi-Station V.H.F. Communication 
igs x Using moe | Modulation. 
E. G. Hamer and W. P. Cole, B.Sc. 


Merseyside Section 


Date: May 3. Time : 7 p.m. 

Held at: Accountants’ Hall, Derby Square, 
Liverpool. 

Lecture : History and Development of Rediffu- 


sion Systems. 
By : M. Exwood. 


North-Eastern Section 
Date : May 17. Time : 6 p.m. 
Held at: Neville Hall, Newcastle-upon-Tyne. 
Technical Film. 
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THE FOX ; “To : if 
Helical pee 
»eeen Seaeneose POTENTIOMETERS 
type PXF 5/H 10. 10-1000 WATTS 
is now available for general release to the 
Electronic Industry. 





Ceramic Insulation only— 
and approved for tropical 
conditions. 

Complete Ceramic Rings for 
strength. 

Approved by all Govern- 
ment Departments. 
Reasonable Delivery. 





BRIEF SPECIFICATION Specialists in all types of 
; Toroidal Windings. 
Resistance range, 20 ohms to 50 K. ohms. 
Helical turns, 10. 

Rotation, 3,600 deg. 

Number of wire turns, 2,000 to 12,000. 
Wattage, 5. 











Write for full details to :— 


P. X. FOX Limirep 


Also —_—— cent a. TOROIDAL POTENTIOMETER SPECIALISTS 

meters, including leg. of winding with up D. 

to eight tapping points. All are available HORSFORTH, YORKSHIRE, CoeeeAee = 
with sealed spindles and glass terminal seals. Telephone : Horsforth 2831/2. - Telegrams : “ Toroidal, Leeds. 


n.0.F 





 MIATATII DE but with 
M INIATURE add-on attachments 


The G.E.C. M863B. I.F. Alignment Unit 
a most convenient “ plug-in’’ unit 
makes possible thorough examination of 
the frequency response curve, width of 
the pass band and the peak separation 
in I.F. amplifiers. 
Specification: Oscillator Mid-Frequency 
400 Kc/s to 520 Kc/s—variable. Frequency 
deviation—Maximum + 70 Ke/s— 
variable. Price £8 10. 0. 
Please ask for leaflet No. X475. 


Double Beam unit. . 


With the addition of the M862B Double 
Beam Unit — the ‘Miniscope’’ is the 
most versatile and complete miniature 
oscilloscope available today. The Double 
Beam Unit employs a 14” C.R.T. 

Specification: Amplifier gain, maximum, 
X 40 approx. Frequency response, + 1.5 
db up to 40 Ke/s. Price £12. 0. 0. 
Full particulars are in leaflet No. X365. 


Miniscope 
Miniature Cathode Ray 
Oscilloscope by 


® * e 
THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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BA 


RADIOLOGICAL ELECTROMETER 


A sensitive valve electro- 
meter of high accuracy and 
stability. Means are provi- 
ded for charging 
ionization chambers to 
an accurately known 
potential and for 
measuring the residual 
charge after exposure. 
The range of ionization 
chambers provides for 
the measurement of 
dose distribution ; 
stray radiation output 
of X-ray tubes ; and 
reference chambers of high 
accuracy. 


PORTABLE 
BATTERY OPERATED 





Leaflet E 110. 


BALDWIN 


Dartford 2989 & 2980 





‘1IONEX’ IONIZATION METER 
rate to a high degree of 
accuracy. 
Detachable ionization 
chambers are available 
for measuring output / 
dose; half-value 
thickness ; stray X and 
y radiation; soft X, « 
and £ rays . 
Ranges : 
& 1000r. 

Dose-Rate : 30, 100, 300, & 
1000 r / min. 

A. C. MAINS 

OPERATED 


Leaflet E 118 





INSTRUMENT CO., 


Measures Dose and Dose- 
of X-ray tubes ; depth 
Dose : 30, 100, 300 
LTD., DARTFORD, KENT. 
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Ww. EDWARDS « 


CO. (London) 


Telephone: SYDenham 


. for 


be Proud of! 


EDWARDS OIL 
DIFFUSION PUMPS 


Whatever your diffusion pumping requirements 
. a few litres/sec. for experimental work or 
many hundreds for large scale production . 
you should know about the 
many unique design features 
of these important new pumps 
which are already hard at 
work in a multitude of new 
vacuum processes. 














better vacuum service... 
LOWER 
7026 (8 |i 


SYDENHAM, LONDON, S.E.26 


Telegrams EDCOHIVAC, Souphone, London 


LTD.. 


nes) 
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These scaler units provide a 
new and more economic solu- 
tion for the Engineer dealing 
with pulse counting problems, 


Available in many forms, they 
can be readily incorporated in 
experimental or commercial 
equipment. 


THE BINARY UNIT HAS SOLDER TAG CONNECTIONS. UNITS FOR SCALE OF TEN, 
TWELVE OR SIXTEEN, WITH OR WITHOUT COUNT INDICATION, ARE OF PLUG-IN TYPE 


For further details write for publica- 


Ra RUM SAI | on SC.2. Write also fora copy of = A av Een ae 


“Electronic Equipment for Industry.”’ 


BRITISH ELECTRONIC PRODUCTS | 1948) LIMIT ED 


BRERETON ROAD +: RUGELEY : oa 


* , Aa 
ot + Tyan ie 


CONTACT RESISTANCE’Ol ohms 


m n a tur e ; BERYLLIUM COPPER CONTACTS 
PUSH BUTTON SWITCH oe" mee 


ATYDE APPROVED contol 
oy 


PAINTON & CO LTD: KINGSTHORPE NORTHAMPTON + réceuone: 2420 
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“ORIGINAL means BULGIN components 


DESIGN For individual needs, with the high quality 
and performance born of 25 years’ research. 














As 








> 
List No. M.V.I1-12 >. Y . 
List No. D.600 List No. $.277 List No. $.104 
No. M.V.1-12. 60 watt List No. D.600. ‘Lens ’-bush of List No. $.277. Popular 2-pole List No. S.104. Low-voltage 2-pole 
variable resistors in a wide range 14 in. dia., in RED, GREEN, AMBER, ON-OFF switch, for 6-250V., 3A. ON-OFF switch, for 30V., 3A. max., 
from 6Q, 19 max. V-drop at 3.16A., BLUE, etc. Provides brilliant panel max. circuits. Ag.-plated contacts, 0.0102 average contact-Q. Type- 
to 2.0KQ, 346 max. V-drop at illumination by separate rear-fixed and laminated construction for tested for 25,000 ops. minimum, like e 
173mA. Approx. 5} in. long by lamps. extra-long life. all BULGIN SWITCHES. : 
28 in. high. 


Qver 2,000 types of components available 


FOR ILLUSTRATED OTHER RANGES INCLUDE: Fuses and Holders, Plugs and Sockets of all types, Pilot 
WRI H = CATALOGUE Lamp Holders, Chokes, Crocodile Clips, Test Prods, Terminals, Moulded Knobs, Signal Lamp 
Fittings, Valve Top Connectors, etc., etc. . 


Price I/- post free. 


A. F. BULGIN €& CO. LTD. 


BYE-PASS ROAD, BARKING 
Telephone: RIPpleway 3474 (5 lines) 


Wires cn 
nce 

| kel-Chrorms AAD COVERINGS of 

inding 


> with It 
for precision — 
high resistance 


ils ° 
Full detan “rollows : 


where 2 
glad! 


THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS, LIMITED VACTITE WIRE COMPANY LTD. 


LEYTON, LONDON, €E.1I0O. 75 ST.SIMON STREET, 
SALFORD 3,LANCS. 
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ality 
4ce PULLIN 





RECTANGULAR INSTRUMENTS BY 


These three rectangular instruments are designed 

on s,mmetrical lines, thus giving a distinctive clear 

open scale and pleasing appearance. Each size 

availab'e in all standard ranges. The Series 65 and 
35 can be fitted with dial illumination. 




















| <i> 
2-pole i —— —-a 
max., 3 
Type- f 
m, like 5 
Pilot 
Lamp 
Series 65 ' Series 35 Series 30 
MEASURING INSTRUMENTS (PULLIN) LTD. 
Electrin Works, Winchester St., Acton, London, W.3. Telephone ACOrn 4651/3 & 4995 
? 


knoss oiALs 6 PonreRS by PAIN TON 
| 7 NORTHAMPTON 





PAINTON & CO LTD KINGSTHORPE » NORTHAMPTON 
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79 is a guide 

to — 

GOOD RADIO 


Whether your interest lies in short-wave communications 
work, high-fidelity reproduction or general experimental 
electronics, WEBB’S are sure to have something 
to interest you. 








WEBB’S COMPREHENSIVE 
CATALOGUE 


A new 1950 edition, double-size and containing a wealth 
of information including pages of useful practical and 
theoretical data. It is something more than merely a 


WEBES "=" 


14 SOHO STREET, OXFORD STREET, LONDON, W.1I 
Phone: GERrard 2089. Shop Hours 9 a.m.—5.30 p.m. Sats. 9 a.m.—I p.m. 





** stock-list ’’.. You will want to keep our Catalogue for 
continual useful reference. 
AVAILABLE — END OF MAY 


9d. to callers or I0d. post free. 



















When bare wire and sleeving is the prescription 
choose DELAFLEX sleevings. They give you the 
properties you want, and are available in various 
single and multiple colours to suit the most com- 
plex coding schemes. Diameters from 0.5 mm. 
upwards. Materials: Varnished Cotton. Varnished 
Art Silk (Rayon), Rolled Silk and P.V.C. with 
option] metal screening. 


INSULATING SLEEVINGS 


When the completely insulated conductor is 
wanted for quick “‘ hook-ups ”’ the HAMOF IL series 
will fill the bill. The range includes both single and 
stranded conductors in Hamofil ‘‘ Push Back” 
type (to facilitate rapid soldering without the need 
for “‘ stripping ’’ and P.V.C. covered wire. Available 
in single and multiple colours. We shall be happy 
to send sample cards and price lists on request. 


CONNECTING WIRES 


Other DE LA RUE products in which we should like to interest you are our Laminated 
Plastic Boards DELARON and TRAFFOLYTE. Delaron is available in high and low grade 
electrical boards. Traffolyte is specially produced for signs, dials, notices, etc. If interested 
please extend your enquiry to embrace these items. 


THOMAS DE LA RUE & CO. LTD. 
(Plastics Division), IMPERIAL HOUSE, 84/86 REGENT STREET, LONDON, W.I 


* Delaflex * and ‘ Hamofil ’ are registered trade names of Thos. De La Rue & Co. Ltd. 
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LOW VOLTAGE ROTARY STANDARD RADIO AND | MINIATURE ROTARY HIGH FREQUENCY 
TRANSFORMER. [2 volts TELEVISION ROTARY TRANSFORMER. 24/36 volts MOTOR-ALTERNATOR. 
to 600 volts 200 m.a. CONVERTER with filter and = D.C. input. 60 watts output. 200 watts 400 cycles output 
sound-proof cabinet. 230 volts from 220 volts D.C. 
A.C. Single Phase output. | 
For details and technical specification of Power Equipment for all Electronic purposes including 
the equipment illustrated, write for fully illustrated and descriptive lists 3 R.C. and 16 H.F. 
In prototype stages let your designers meet ours. 
cee an ee ae ee eo oe Be 
Head Office and Works: ST. MARY CRAY +: KENT *Phone: Orpington 2560-3 
W.! 8 RAN CH oS = 8 8. y. 9 BrRioGwagtTtera ° ee S-€- 88 EF 
p.m. 
eecmntens E.D.C. 18 




















JUST PUBLISHED 


The First published design 
for B.B.C. F.M. Reception A 


HOME BUILT 
FREQUENCY MODULATED 
RECEIVER 


By K. R. STURLEY, Ph.D., M.I.E.E. 





Contains full details and wiring diagrams for the construction of a frequency-modulated 
receiver for reception of the B.B.C’s. new high-fidelity F.M. transmitter at Wrotham (Kent). 
Included in the booklet is a design for a suitable aerial system and a simple modulated 


test oscillator for alignment of the IF stages. 
Price 4/6d. 


Obtainable from :— Post Free 4/9d. 


ELECTRONIC ENGINEERING 
28 ESSEX STREET, STRAND, LONDON, W.C.2 
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TELCON’S LATEST MAGNETIC RF. EHT. COILS 
DEVELOPMENT , 


May, ‘1950 
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B (KILOGAUSS) 
“H.CR.” 
ALLOY TYPICAL 15 tai Model C17-50 
O.C. HYSTERESIS 6 KV max. 
LOOP Full range available 
2 - 30 KV. 
10) 4 
Hazlehurst Designs Ltd 
5} 4 34a, Pottery Lane, LONDON, W.II. 
TELEPHONE PARK 6955 
H H 
3 
° . , (OERSTEDS) 
Saturation 15,600 Gauss RADIO CABLES 
Remanence 14,800 Gauss FOR COMPLETE 
Coercivity about 0.2. Oersteds RELIABILITY 
+ 110 
wie = 





B (KILOGAUSS) rae se CABLES 


are manufactured under strict Laboratory con- 
ditions and to Government Specification where 


The magnetic properties of this alloy 
make it suitable for mechanical 


WM 


Te 


possible. Send for list of the full range of = 

é : a — AERIALITE R/F Cables and Feeders. =. 

rectifiers, magnetic amplifiers and | S=THE D.P.O. MODEL 50—A new television = 

special forms of reactors. one Aerial. The best Aerial on the market at the lowest = 
—— price. 





Available in two types—‘‘ London ”’ and 

** Midlands,’’ and made up for three different styles 

of mounting. Features: Low-Loss Insulator, Water- 
proof Plug Assembly, Accessibility. 
Erection, Strength, Broad Bandwidth, 50/- 
= Rigidity. (Prov. Patent 26255/48.) 


cf 





ELCO 
Founded VEN 1864 


Mi 





Easy 





Full technical details on request from : 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. Reriali Ke LTD. 
ff 22 OLD BROA T N - r lg Ndon W 7104 


29 —————__ CASTLE WORKS, STALYBRIDGE, CHESHIRE. 


Send for our booklet ‘‘ Bring the World to your Door”’ 
for details of ali AERIALITE Products. 
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IN 





Range: !00 Kc/s.—100Mc/s. 
in 6 bands. 


Frequency: Guaranteed within 
+1%. 

Output : Approx. | volt 
unattenuated and variable from 


| pV to 100 mV into a 75 ohm 
load through a matched trans- 


Stray Field: Less than 3uV at 
100 Mc/s. 


Illuminated Dial: Total scale 
length, 30 in. 

Power Supply: |10—210— 
230—250 volts. 40-100 c/s. 
Dimensions: 9} in. high 

13 in. wide x 8 in. deep. 


mission line. Weight : 15 /b. 


ADVANCE COQ MP GOONCEN TS 
Back Road, Shernhall Street, Walthamstow, London. E.17. Tel. 


a ae © ee 
: LARkswood 4366/7/8 


DES IGN 


Tue ADVANCE SIGNAL GENERATOR 
TYPE Ez has been designed with an eye to future 
developments in the Radio and Television fields. 
Its wide range of frequencies, from 100 Kc/s to 
100 Mc/s on fundamentals, caters for the rising 
frequency requirements of modern radio and 
communications. It is a fine example of ‘Advance’ 
design and manufacture. This generator offers an 
instrument of laboratory standard at a price within 
the reach of moderate purses. The remarkable high 


frequency accuracy of +1% extends over the 
whole range. 


* Send for fully descriptive leaflet.... 


AUVanee ove 


SIGNAL GENERATOR 








<(yones COMPOUND FILLED 


cO. Lid 


TRANSFORMERS X CHOKES 


for 





UTMOST 
RELIABILITY 


Woden Compound Filled transform- 
ers have been developed for use 
in exacting industrial and climatic 
conditions and have the following 
features :— 





@ Complete moisture-proof filling compound 
@ Universal fixing for above or below chassis wiring 
@ Constant fixing centres and overall size 
@ Occupy minimum space and ensure clean 
and compact layout 
See our display RECMF Exhibition, Stand I]. 
Also Stand No. H.30 at B.I.F. OLYMPIA 





Send for latest catalogue 


WODEN TRANSFORMER CO, LID., 
MOXLEY ROAD, BILSTON, STAFFS. 


3.7.1, 














‘BUILD YOUR OWN 


E.H-T UNIT 


gs 
Send 6d. to . 
maawe Dept. Elec. Eng. 5 
for a copy of “The 
ha = All-Metal Way”’ con- 
taining full details of 
radio and television 
applications 


Westinghouse Brake & Signal Co. Ltd., 82 York | 
Way, Kings Cross, —* N.1. 
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A NEW B.P.L. INSTRUMENT 





THE VOLTASCOPE—A combined valve-voltmeter and 
oscilloscope. VALVE-VOLTMETER — Infinite Input 
Resistance for D.C. ranges 0 to 300 volts. A.C. ranges 
0 to 150 volts in 5 ranges. 34-inch scale meter. 
OSCILLOSCOPE—3-inch screen tube provided with 
balanced amplifiers for Y and X plates giving a 5 times 
trace expansion Maximum sensitivity 150mV/cm. 
Response from D. 'C. to 100 Kce/s. 


Limited quantity available for early delivery. 
BRITISH PHYSICAL LABORATORIES 


HOUSEBOAT WORKS, RADLETT, HERTS. 
Wie 6e6Sas 

















Its exceptional purity makes 
it especially suitable for electrical 
and magnetic applications 
Supplied in a wide selection of 
mesh gradings. 
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A general purpose A.C. 
amplifier developed in con- 
junction with the A.E.R.E. 
giving a maximum overall 
amplification of 1,600,000 
over the frequency range 
of 20 c/s to 500 Kc/s. Very 
low noise level allows useful 
amplification of signals of a 
few microvolts. 


EKCO 
LINEAR 
AMPLIFIER 
1008 





Write for catalogue giving 






specifications, prices and delivery dates of the 


complete range of equipment for the radiochemical laboratory 





| See the thonbcscacnssel range on B.I.F. Stand No. C.52 2 (Olympia) | 





E| K C 0. Chie 


E. K. COLE LTD. (Electronics Division), 5, VIGO ST., LONDON, W.1 = 














GEORGE COHEN sons « co. LTD 
BROADWAY CHAMBERS, LONDON, W.6 


G00 





Telephone : Riverside 4141 


OF COMPANIES 


EE/4912/1P18 











DIFFERENTIAL 
RELAY 


MODEL 71 
ELECTRONIC 


A robust and reliable 
instrument for operating 
heavy duty relays from small 
input currents. A change 
of 2 microamperes is sufh- 
cient to actuate the relay, 
and the control point may 
be set to operate at any 
value within the range of 
zero to 2 amperes. Due to 
its exceptional sensitivity, 
the rlay has wide applica- 


tions in industry. 





ELECTRONIC INSTRUMENTS LTD 


RICHMOND - SURREY - ENGLAND 


i7, PARADISE ROAD 
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A.C. 

con- . Technical excellence supported by constant research and an 
RAE. y ! h b unrivalled knowledge and experience of Radio Frequency 
no e as ts Cable applications, ensures the continuance of the lead estab- 
onge lished by TELCON in the Radio Frequency Cable field. 
si Even before the introduction of Telcothene* as a cable 


ste [ d dielectric, an application pioneered by TELCON, a range 
oO wor of Radio Frequency cables with unique capacity and 
attenuation characteristics was produced, using Telconax. 


Today, developments are still going on and the solution 
of any problems involving the application of Radio 


S tandards Frequency cables will be found in the wide range manu- 


factured by TELCON. 


* sag ( Regd.) — Polythene processed by 
elcon to provide specific characteristics. 


' | TELCON« CABLE 








! THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD TELCON 
Head Office: 22, OLD BROAD STREET, LONDON, E.C.2. Telephone: LONdon Wall 7104 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Telephone : GREenwich 329) 


Founuest loti4 











A NEW SULLIVAN SUSPENDED COIL 


siry PORTABLE GALVANOMETER UNIT | 
. « . which may be supplied alone or boxed complete | 
with scale, illumination (with mains transformer) and | 
\L novel scale magnification. 


The unit is exceptionally well constructed and reliable in 
performance and is completely enclosed within a 
TYPE draught and dust-tight bakelite case measuring only 
T2001 : 8 cm. by 4.cm. by 12 cm. high. When boxed as a complete 
measuring system it measures only 26 cm. by I7 cm. by 
15 cm. 


H.W. SULLIVAN 
LONDON. . 


eee A complete series of these portable galvanometer units is 








1480/1950 dl available, mounted or unmounted, with many scale arrange- 
ee ments and for any Sensitivity, Time period or 
Resistance. 
H. W. SULLIVAN 
We shall be pleased to select for any LIMITED 
rospective purchaser a _ galvanometer 
i oe . LONDON, S.E.1I5. 


suited to any particular industrial 
application or measurement problem. Telephone NEW CROSS 3225 (P.B.X.) 
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TRANSFORMERS & CHOKES 


designed and 
manufactured 
to suit your 
specific needs 


HERMETICALLY 
SEALED TYPES 
—up to IKVA. 


Hermetically sealed 
oil-filled E.H.T. type with 
expansion-bellows 


DOUBLE- and 
AUTO - WOUND 
OIL/AIR 

COOLED TYPES 
—up to SOKVA. 
(Single or 3-phase) 





Send your next enquiry to:— 


SCOPHONY-BAIRD LTD., (Division 6), WELLS, SOMERSET 
Telephone : WELLS 2081-5 


HUGE DEMAND FOR 
THE MURPHY T.V. 
PATTERN GENERATOR * 


The demand for the Murphy T.V. Pattern Generator 
continues to grow, and although substantial deliveries are 
being made, our waiting list is still a very considerable one, 
EARLY APPLICATION IS ADVISABLE AS WE 
ARE RECEIVING MANY REPEAT ORDERS. 
For those who are still unaware of the outstanding excellence 


of the Murphy T.V. Pattern Generator we invite you to 
make application for a demonstration. 


% The Murphy T.P.G.11 provides in a small, portable 
equipment the complete synchronising waveform, as 
used by the B.B.C., in the test signal, essential for 
correct alignment of T.V. receivers. A pattern gen- 
erator which does not give su h a waveform is of 
very limited use, so pay the extra cost—and have 
a Murphy T.P.G.11. 


For full specifications write to : 


F. LIVINGSTON HOGG 


65, BARNSBURY STREET, LONDON, N.1. 
or Telephone TU Dor 5277 for a demonstration 





F. LIVINGSTON HOGG, SPECIALIST 
IN HIGH-GRADE INSTRUMENTS 
FOR THE COMMUNICATIONS INDUSTRY. 


























AMBITIOUS ENGINEERS: 


pprienasye GUIDE TO SUCCESSFUL 
ENGINEERING CAREERS 


After months of intensive effort, we are pleased to 
announce that the new edition of our 176-page Hand- 
book, “ENGINEERING OPORTU S,” is 
now ready for free distribution. 

This book is, beyond argument, the finest and most 
complete Handbook on Successful Electrical En- 
gineering Careers ever compiled. It should be on the 
bookshelf of every person interested in any phase of 
Electrical Engineering, whatever his age, position or 
experience. 

s book shows, among other intensely wy od 
ting matter, the easiest way of passing B.S.c., . 
Brit. LR.E., CITY AND GU s, GPO. and 
every other important technical examination, whilst 
details are given of over 200 Courses in all branches 
of Engineering. The eng Group of Courses 
includes : Neon Lighting, Power House Design, 
Radio, ddiovidon” Alternating Current, Sound 
Film Projection, Mains at Desigay Measur- 
ing Instruments, Electrica oy Electricity 
Supply, Electronic Enginee General Elec- 
trical Engineering, Electrical pe 
The Handbook also explains the unique advantages of 
our Employment Dept. 


We Guarantee “NO PASS—NO FEE’’ 


If you wish to become Technically Qualified you cannot afford to miss 
reading “‘ ENGINEERING OPP RTUNITIES.” In your own 
interests send for —® d copy of this enlightening guide to well-paid 
posts NOW—FREE and post-free. Do not neglect o this opportunity 
of investigating the possibilities within your reach. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 


337B, Shakespeare House, 17, [8 
& 19, Stratford eg Oxford BIE i 
Street, London, 
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SOLON electric soldering irons have proved their capa- 
city for continuous service under the most exacting 
conditions. 5 models; 240 watt oval tapered bit; 125 watt 
oval tapered and round pencil bits and 65 watt oval 
tapered and round pencil bits. Each model complete 
with 6 feet of Henley 3-core flexible. Now available 
from stock. Write for folder Y.10. 


W. T. HENLEY’S 
TELEGRAPH WORKS 
co. LTD. 

51-53 Hatton Garden, ° 
London, E.C.1 


ELECTRIC 
SOLDERING IRONS 
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PLAN YOUR 
CAREER 


RADIO - TELEVISION 
ie other re 





HOME STUDY COURSES 


@ ADVANCED RADIO 

e@ INDUSTRIAL ELECTRONICS 
@ TELEVISION 

@ HIGHER MATHEMATICS 

e@ PHYSICS 


Obtain a copy of Free Booklet giving full details of 
these and Daytime Attendance Courses. 





Write to Dept: 11 


Associated with 
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PERMANENT 
MAGNETS 
of 


EVERY DESCRIPTION 











For Loud Speakers, 
Clocks, Relays, Meters, 
Magnetrons, Separators, 
etc. 


Specialist manufactured for specialised industries. Cast 





Shop Hours : 


weBo— 


I 
T 


D 





Monday—Saturday, 9 a.m.—6 p.m. 


TELE-RADIO (1943) LTD., 
177 EDGWARE ROAD, LONDON, W.2. 


f M ‘ INSTITUTES OHM.” or forged. Produced in all the latest types of Magnetic 
ou seus PTteetiasents Materials. Complete with pole pieces if desired. 
10 PEMBRIDGE SQUARE, NOTTING HILL GATE, LONDON, W.2 COLUMBIA 
Telephone : BAYswater 6131/2. ETc DARWINS LTD - TINSLEY - SHEFFIELD 
E. 1668 A RR Sa eR IR one oe 
D.10 
ALL COMPONENTS SUITABLE FOR USE IN THE E.E. 
Complete chassis assembly fitted with valve holders, sockets £4 13 9 Cathode sveg Tube Ferranti 12 in. ah “ as 2 5 
As above less valve holders, etc. ... 42 17 6 » Mazda CRM-121 12 in. nee at £15 2 5S 
Sound receiver chassis with valve holders andcoil formers ‘ 18/9 » oo Mullard 12 in. ‘ ane ine ai 2 5 
Vision receiver chassis with valve holders and coil formers fitted 22/6 . o oo  G.E.C. 6501 9 in. pee ste ie éil 6 9 
Sound receiver chassis less valve holders, etc. ‘ 15/= » o» Mazda CRM92 af cp a £il 6 9 
Vision receiver chassis less valve holders, etc. 15/= - » oy Mullard MW22- 4c. wen éii 6 9 
Time base chassis with valve holders, etc. 17/6 a » oo» Masks for 12 in. tube ‘White | AS aaa 21/6 
Time base chassis less valve holders, etc. 15/- ia she, cade 1 oe I 5g Sea oe 18/- 
Power chassis with valve holders, etc. 25/- < Parr: a. oo. Sy “Vato ox ai 11/6 
Power chassis less valve holders, etc. 17/6 a oe o «w wih > ee sai onl 9/6 
een oe $6. Haynes EHT RF Oscillator unit.-variablefrom5-8KV. ... £5 8 0 
samen SCAnTIRECONSOIA.. 38/3 All specified resistors + and 4 watt carbon 4$d. each 
Ha Out a Boece ch TW6) 126 36/= All TCC specified capacitors at list prices. 
Y vt he an Complete set of Colvern wire-wound potentiometers 42 0 9 
Haynes EHT transformer 4 KV. TJ18/4000 70/4 All'valvaa available (rain aesek: 
Haynes EHT transformer 5 KV. 1J18/5000 73/4 Book of Instruction (Ldndon) _... ned au wae 2/6 
Woden TO 80 aA choke ve “ a Point to point wiring diagram (London) — ; 2/6 
Woden 5 H 250 mA me o 29/- Book of instruction steal oe with ' point ‘to point 
Complete set of coils for London frequencies nae 15/- wiring diagram . ; 16 
Complete set of coils for Birmingham frequencies 17/6 When orderfng please include sufficient for postage and packing. 


Send for complete price list of components (2}d. stamp). 
When ordering masks please state type of tube being used. 


Thursday, 9 a.m.—lI p.m. 





PAD 6116/5606 
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SYNTHETIC RESIN LAMINATED MATERIALS 
SHEET, ROD AND TUBE IN ALL DIMENSIONS 
BOBBINS & COIL FORMERS TO ANY SPECIFICATION 


MICA AND MICANITE SHEET AND MANUFACTURED PARTS 
MICA & MICANITE SUPPLIES LTD., 


BARNSBURY SQUARE, LONDON, N.I. 
Telephone : NORth 3032/5 Telegrams : MICASULIM - LONDON 














POTENTIOMETERS 





Wire-wound and Composition types. 
Single, Ganged, Tandem Units. 





Characteristics : linear, log., semi-log., non- 
inductive, etc. Full details on request. 


RELIANCE MNFG., CO. (SOUTHWARK), LTD., 
Sutherland Road, Higham Hill, Walthamstow, E.17. 
Telephone: Larkswood 3245 











MAGNETIC 
RELAYS 


LARGEST STOCK IN GREAT 
BRITAIN OF RELAYS AND 
KEY SWITCHES 


Government Contractors 


RELAYS P.O. 3000 - 600 - HIGH SPEED 
ALL NEW EX-MINISTRY GOODS 


JACK DAVIS pert. ce. 
30 PERCY STREET, LONDON, W.1. 


Phones : MUSeum 7960 LANgham 4821 
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SAVAGE | Eig DEVIZES) 


¢ 
“Mite? 


SAVAGE TRANSFORMERS LTD. NURSTEED ROAD, DEVIZES, WILTS. 
Telephone : Devizes 536 


MICA 


DISCS 
DIAPHRAGMS 
ELEMENT STRIPS 
CONDENSER PLATES 
SPECIAL SHAPES 
RAW MICA 
WASHERS 

e 
































ELECTRO-CERAMIC INSULATORS & REFRACTORIES 
GEO. BRAY & CO LTD 


TELECOMMUNICATION 
RADIO & ELECTRICAL 
TRADES 

















on 


195 | (aye (1950 Electronic Engineering 87 























































































' “ 
| Partridge Hews | | SERVO CONTROL EQUIPMENT 
S si 
| precision 
{ 
TRANSFORMERS 
f 
, 
{ ‘©TO SPECIFICATION’? or 
i ; ; MAGSLIPS 
; STANDARD, if the problem is Trans- Resolvers, Transmitters, Hunters, 
i formers or Chokes, mone are more Receivers, etc., 2” and 3” types. 
; experienced to find the solution than SELSYNS 
j Partridge. Nearly two decades of specialised Power and Phase-Shifting types. 
} research and production have prompted INDUCTION MOTORS AND 
, leading industrial concerns and Govern- VELODYNES 
. : : Send for list and technical details. 
ment Experimental Stations consistently to Geiger-Miller counters U.S.A. make, $0/- 
| use the unequalled Partridge service. Your Vacuum relays 6 volt 35mA. (approx.) 
| need, too, can be adequately met for fitted 4-pin valve socket (Brit.) 6/6 
| transformers ranging from 5 VA to 50 kVA HOPTON RADIO, 
| —power or A.F. Send for catalogue 
; | deen: oleae 1, Hopton Parade, Streatham High Road, 
e or : LONDON, S.W.I6. 
P | * Note: All Partridge components "phone: STReatham 6165 
are now available 
SERVOGRAPH OPERATES DIRECTLY HERMETICALLY SEALED IN OIL 
FROM VERY LIGHT CURRENT 
SOURCES, consuming but a few micro Rane 
watts for full scale deflection. = SEE THE 
Its working principle is unique and sets PAR’ DGE &6 Q-MAX 
up a new high standard of accuracy and 
robustness for graphical recording meters TRANSFORMERS LTD a Sq i CHASSIS PUN CH 
SEVOGRAPH’S accuracy is to BSS.89 for | ROEBUCK, ROAD- ¢ KIKGSTON - BY - PASS 
NILTS. nti I ee Instruments— — TOLWORTH &s SURREY on 
its servo-driven pen arm removes ’ ELMbrid 737-6 
: load from the instrument movement, admits \ batiesnmtint ae a y Stand H.39 B.I.F. Olympia 
— ; a robust and trouble-free pen, and 
maintains this accuracy with full Fe ee ee sae al ait ee ee er mee ae 
j or empty ink reservoir. Needing no | 
levelling, it operates correctly in any | eee ey 
position and can be connected directly to | 
tachometers, thermo-couples, resistance | 
2 thermometers, CO, indicators, pH meters | 
and so on, repeating their accuracy on 
the chart. Equally useful, too, as an 
ammeter, voltmeter, etc., it may embody | 
a moving iron, moving coil, dynamometer | 
5 or electrostatic movement. 
Please write for technical leaflets 100/4 | COM PON ENTS 
Movements available from 50 | 
micro-amps or 15 milli-volts | FOR 
upwards. | 
ELECTRONIC ENGINEERING. 
Prices “HOME BUILT TELEVISOR SERVICE ENGINEER'S 
(British Isles) | | FIRST CHOICE 
from | List No. 
| | WS 903/4 4KV -2V (2A) 4V (1A) 67/6 
| or 
NEW SMALL PROCESS TIMER 
£65 WS 903/55 KV-2V @A) - | ee 
4V00@ «x . 72/6) wae ae 
| | For flush or wall mounting. 
F i E L D E N | EP 63 Mains Transformer... 90/- | Type JPS. Hand Resetting Timer. 
Type SRJ. Automatically Resetting 
(ELECTRONICS) OFS: Chokes — 
LIMITED BOTH SYNCHRONOUS 
DOG Cheten 
PASTON ont all WYTHENSHAWE, | JPS. Ask for Lists 120 & 121|EO 
MANCHESTE | 
Fielden aoa (Australia) Pty Led., — LONDEX LTD a 
409 Collins Street, Melbourne, Australia. y | V E R PE LL C 0 N T R 0 L LTD | 
Ri ; So's W BURRAGE R 5.6.18 Manufacturers of Relays 
pecialists in Industrial Electronic Equipment BRID RO : asa |207, ANERLEY RD., LONDON, S. E.20. SYDenham 6258-9 























Advance Components Ltd. 

Aerialite Ltd. 

Air Control Installations Ltd. 
Automatic Coil Winder & & Equipment 


Co., Ltd., The Cover i & 


Baldwin Instrument Co., Ltd. .. 
Belling & Lee Ltd. 

Berry's (Short Wave) Ltd. 

Bray & Co., Ltd., George 
British Electronic Products Ltd. 


British Institute of Ne Tech- 
nology ; 


= Runsiinted Callender’s Cables 


British Mica Co., Ltd. - 
British Physical Laboratories .. ; 
British Thomson-Houston Co., Ltd. 
Bulgin & Co.. Ltd., A. F. 


Chapman & Hall Ltd. 

Cinema- Television Ltd. ; 
Cohen, Sons, & Co., Ltd., George 
Cole Ltd., E. K. 


Davis, Jack 
Darwins Ltd. ‘ 
De La Rue & Co., Ltd., Themes 


Edison Swan Electric Co., Ltd., The .. 

Edwards & Co. (London) Ltd., W. 

Electro Dynamic Construction Co., 
Ltd. fe as a a ne 


Electronic Engineering 


INDEX TO ADVERTISERS 


Electronic Instruments .. 2s eo | 
E.M.I. Institutes Ltd... i. << ae 
Ferranti Lid. is ae jo (oe 
Fielden (Electronics) Ltd. sa . 
Fox Ltd., P. X. P 4 Je ae 


General Electric Co., Ltd., The 4,6 & 23 


Harboro’ Rubber Co., Ltd., The -— 
Hazlehurst Designs Ltd. at 30 


wee s eee Works Co., Ltd., 
W.T 34 


Hogg, F. Eévengeeen oe bs i. ee 
Hopton Radio - ee ef 
Hunt, Ltd., A. H. es is -. ea 


Johnson, Matthey & Co., Ltd. i. ae 


Lewis & Co., Ltd., H. K. .. 208 
Londex Ltd. e 37 
a Electric Wire Co. & Smiths 

26 
Macdonald & Co. (Publishers) Ltd. .. 
Marconi Instruments Ltd. * 21 


Marconi’s Wireless eeeataten Co., 9 
Ltd. 19 


McGraw- Hill Publishing ahs Ltd. 
Measuring Instruments (Pullin) Ltd. 27 


Metropolitan-Vickers Electrical in 
Ltd. 18 

Mica & Micanite Supplies Ltd. 

Modern Book Co., The . os 


M.S.S. Recording Co., Ltd ne eee | | 
Muirhead & Co., Ltd. <a 7 
Mullard Eledtronic Instrements Ltd.. 12 
Multicore Solders Ltd. Cover iv 


Nagard Ltd. PY +s ns “ae 
Nife Batteries ~ se is ow ae 


Painton & Co., Ltd. 25 & 27 
Partridge Transformers Ltd. .. << on 
Pell Control Ltd., Oliver is . -_ 


Radiospares Ltd. .. 
Reliance Mnfg. Co. Goutnety Ltd... 


Salford Electrical Instruments Ltd. 
Savage Transformers Ltd. 
Scophony-Baird Ltd. 

Southern Instruments Ltd. 

Steatite & Porcelain Products Ltd. 
Sullivan Ltd., H. W. 


Telegraph Construction & Maintenance 
Co., Ltd., The 30 & 
Tele-Radio (1943) Ltd. ae a | 
Tufnol Ltd. .. ye 5 $ oe 3 


Vortexion Ltd. Cover ii 


Walter Instruments Ltd. Cover iii 
Webb’s Radio és : ae 


oe Brake & Signal ate 
Ltd. 31 


Woden ‘Transformer Co., , Ltd. i at ae 





FOR USERS OF 





UNIT 
CONSTRUCTION 


The 
enables any one of these 


unit construction 


amplifiers to be used in 
the NAGARD Type 103, 
then providing time and 
voltage calibration. 


They can also be had 
as self-contained cased or 
rack-mounted i-struments 
with inputs and outputs to 
meet specific requirements. 


Ni 








SEE 


what you measure! 





NAGARD TYPE 


103 OSCILLOSCOPE 





D.C. AMPLIFIERS 
D.C. to 20 k/es. 


D.C. to 2 Me!s. 


D.C. to 10Me!s. 


ALL 


STABLE AND DRIFT FREE 


THREE NEW } 


GAIN OVER 100,000 
NOISE LEVEL 2pV. 


GAIN OVER 15,000 
NOISE LEVEL 60xzV. 


GAIN OVER 250 
RISE TIME 0-05ysecs. 








NACGARD 


Phone : BRixton 3550 


Grams : Intertel, Claproad, Lon 


245, BRIXTON ROAD, LONDON, S.W.9 
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a better baby... 


fhe Walter Type B.T. Switch is a mighty 
midget. It takes up small panel space, 
and is just the switch for simple switch- 

ing. Recently we have made some big 
improvements in it too. Here they are: 

A new method of fixing contact blades. 

This ensures that they are completely 
rigid all the time. Definite positioning of 
the drive spindle in the wafer, providing 
double bearing. 

There are other improvements 

as well— positive contact and 

steady contact resistance, 

better insulation between con- 

tacts, and a self-cleaning action. What 

does all that add up to? A sensible, reliable and Jasting switch, which we feel 


will give you first class service and complete satisfaction. 


Walter Instruments 


LIMITED ; 





TYPE B.T. 


WALTER 
SWITCHES 





MADE 
FOR LIFE 


GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT. 4421-2-3 


CRC 48 





For those who are 
ph EOE, unable to meet 
Exhibition us at our 
sement pages from Exhibition | : 
—————— . ion Cat r 


fhe J | 
ux ensure flux 


Three cores of fi 
Qg continuity hhroughout the length of 
the solder wire. There are no lengt 
without flux—that means no wasted solder, 
no wasted time and freedom from r ’ 
or H.R. joints. 
made with Ersin 


gorrode even after 
degree of 


Soldered joints 
Flux do not 
olonged 
. This 
conditions 
Arctic to the Tropics- 


ALLOYS. This table shows the Melting. Points of 
alloys used in Electronic and Telecommu 


more 
r with 


economical to 
the smallest 
¢| 


rcentage. 1° 
ux and the rapid me 
‘core construction: 


Ersin 

content, to 
soldering S| 
less flux content 


three se 
melting 


the three principal 
nication industries. 


USES 


Solder 
used 


processes 


propo 


always as 


ired. y 
of Hux can instantaneous 


Ersin Multicore Solder is 
andard for 


Sol. | 
1e3°c | 190°C 
1e3°C | 227°C | 


Colour Code | Liq. |Bit- Temp, 
ae “230°C High quality work 


257°C 
278°C 


Hand soldering 


radio and electrical order. 


application. 


The economies effected by 
using rsin Multicore 
Solder play, 20 important 
part in cutting production 
s. Youget more joints 
_of Ersin Multicore 

i o WwW 


GAUGES. Approximate nu 
Diam. in Diam. in 
M/ms. 


Standard J 
inches 


wire Gauge 


| 9,128 


iven 
‘action for more 
years. 


BRITISH MAD! 


Ersin Multicore Solder is S© much more 
reliable and efficient than any other 
cored solder that even many leading 
U:S.A. electronic manufacturers import 
Ersin Multicore despite freight and 
import duties. 


(Right) Assembling television receivers at the 
Du Mont Factories, Newark, U.S.A. with British - 
made Ersin Multicore Solder. 


y of British inventi 


Multicore Solders and Ersin Flux are entirel on, formulation and manufacture. 





SIZE 1 CARTONS—5/- RETAIL 


Catalo 
Ref. No. Apprond 


c16014 | per Carta 


26 
c16018 | feet 
60 feet 


22 fe 


SS 


Y ———— 





Alloy 

Tin/Lead S.W.G. 
60/40 | 

60/40 | 


40/60 
40/60 





We will be ae 
pleased to send to manufacturers, withou! : ; 
g it charge, new : . 
> technical litera- 


ture, samples and bulk pri 
our Size 1 Prices. Service 
Cartons ices: : SREMIECES and radi 
, (prices:“on right) from most ‘aoe can cnn | i-01 
aad” electrical # 3 
shops” 
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